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ABSTRACT' 

A nonnuclear explosion involving an evaporator occurred i n  a shielded 
c e l l  i n  the Radiochemical Processing P i l o t  Plant a t  Oak Ridge National 
Laboratory on Nov. 20, 1959. Pl.iitonium w a s  released from the  processing 
cell., probably as an aerosol of  f ine  pa r t i c l e s  of plutonium oxide, v i a  
th ree  pr inc ipa l  routes: 

(1) Cel l  vent i la t iol i  system: -1.5 g conipletely removed from t h e  air stream 
by roughing and absolute f i l t e r s .  

( 2 )  Cel l  6 door, blown open (but  not o f f )  t o  the  outside: -600 mg spread 
rapidly over l imited arcs uowth and eas t  of building; Graphite Reactor 
Building most contaminated. 

( 3 )  Pipe passages and service openings from cell. 6 t o  the i n t e r i o r  of  
R l d g .  3019: -'TO ma; required decontamination over several  months, 

lt i s  probable t h a t  t h i s  evaporator sys-tern had accumulated -1100 g of n i t r i c  
acid-lnsoluble plutonium i n  the  s t e m  s t r ippe r  packing; Cne explosion re- 
lcascd ai1 estimated 150 g i . n s i d e  c e l l  6, with about 135 g i n  the  evaporator 
subcell  and about 1-5 g i n  the l a rge r  main c e l l .  

No radioactive material  w a s  released from the vent i la t ion  stacks; no 
contamination of grounds and f a c i l i t i e s  occinrred outside of a re1ativel.y s m a l l  
a rea  of Oak R i d g e  National Labomto-%y immediately adjacent t o  the  explosion. 

No one was injured by the explosion, and no one received more than 2% of 
a 'I-Lfetime body burden of p1utoni.u or an overexposure t o  sources of ionizing 
radiat ion e i t h e r  a t  t he  time of the incident o r  during subsequent cleanup opera- 
t i ons .  The explosion i s  considered to  be -the r e su l t  of rapid reaction o f  
nj-trated organic compounds formed by inadvertent n i t r a t i o n  of  about 14 l i t e r s  
of  a proprietary decontaminating reagent. 

I n  cleanup the contamination was bonded to  the  nearby s t r e e t  and build- 
ing surfaces with tar ,  paint ,  roofing compound, o r  inasonicy sea le r ,  as appro- 
p r i a t e  t o  the  surface. Decontamination of  the i n t e r i o r  of t he  p i l o t  plant 
building, except the  processing ce l l s ,  was '35% complete on Sept. I., 1960. 
Decontarninatj.on of the  processing c e l l s  wi ts  delayed 8 months u n t i l  building 
modifications could be made t o  tmprove containment. Modifications t o  the 
p i l o t  plant  have been proposed which will preclude discharge in to  the  Tabora- 
t o ry  area a n d  i t s  environment of concentratibns o r  aru0~uiI;s of  radioactive 
ma-terials tha t  would be injur ious t o  heal th  o r  i n t e r f e re  with other  Laboratory 
programs. 
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1.0 SUMNARY 

On November 20, 1959, at, about 11:OO p. m., a nonnuclear explosion 

involving an evaporator occurrej. i n  a shielded c e l l  In the Radiochemical 

Processing Pi lol ;  Plant a t  Oak Ridge National Laboratory. 

leased from the  processing c e l l  contaminated areas i n  the p i l o t  plant  

building and nearby s t r e e t s  and bui.l.ding surfaces.  No radioac-tivity w a s  

released to areas outside of  the Laboratory, no one was injured by the  

explosion, and no one received a s igni f icant  f rac t ion  of  a l i f e t h e  body 

burden of plutonium o r  an overe.xposure t o  sources of ionizing radiat ion 

e i t h e r  a t  the time of the incident o r  during subsequent cleanup operations. 

P1utonl.u re- 

The explosion i s  considered the resu1.t o f  rapid reaction of n i t r a t ed  

organic compounds formed by the n i t r a t ion  of 14 l i t e r s  of Turco k c o n  4501, 
a proprietary decontaminating reagent. 

The c e l l  i n  which the explosion occurred i s  one of four c e l l s  contain- 

ing: equipment f o r  the  solvent extract ion processing o f  highly i r r ad ia t ed  
nuclear f i e l s .  The evaporator, contained i n  a subcel l  t h a t  i s  walled o f f  
by concrete blocks within the  ce l l ,  consisted o f  a stem s t r ipper ,  vapor 

separator,  a natural-convection evaporator loop, and connecting piping .) 

About one month preced.1n.g the  incid-ent, a f t e r  several  processing cam- 
paigns with highly i r rad ia ted  uranium had been completed, a decontamination 

program was begun. One objective of t h i s  program was t o  decontaminate the  

evaporator subcel l  which was emanating grea te r  than 100 r /hr  of  penetrating 

r a d . i a t  ion 
After two se r i e s  of  decontamination treatments did not decrease the  

radiat ion l eve l  i n  the  evaporator subcell, Turco k c o n  4501 w a s  added t o  
the evaporator and heated 2 hr .  The evaporator w a s  drained through a re- 
motely operated product ou t l e t  valve because the val.ve noma1l.y intended 

fo r  draining w a s  located i n  the lQO-r/hr radiat ion zone; t h i s  left 13.9 

l i t e r s  of organic compounds i n  the evaporator. Next, 2’70 l i ters  of 4 M - 
n i t r i c  acid was added t o  the  evaporator, omitting the  n o m l  water flush. 
The heat exchanger steam w a s  turned on, providing suf f ic ien t  heat t o  con- 

centrate  t he  n i t r i c  acid and allow complete reaction between the  acid and 

organic compounds. A s  the  acid became concentratzed, t he  temperature in- 

creased s t ead i ly  u n t i l  t he  n i t r o  compounds, just formed, igni ted aad. 

exploded. 
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The explosion was a rninor chemical explosion and physical dmage was 

confined t o  the equipi-rient In  the  evapomtor subcell ,  a f e w  pipes t h a t  were 
coznec-Led t o  this equipment, and the  unmoi-tared concrete block shielding 

.walls i n  f ront  of the  evaporator subcell and the  processing c e l l  door. 

The c e l l  vent i la t ion  f i l t e r s  retained the  rad ioac t iv i ty  with a. high degree 

or" eff ic iency,  but the  rfiomentary increase i n  c e l l  a i r  pressure caused air- 
borne a c t i v i t y  t o  be transported from the  processing c e l l  v i a  pipe Etccess 

holes -to other  areas i n  t he  building and- v i a  a c e l l  door t o  the  outside of 
the  building. 

In  cleanup the  plutonium w a s  f ixed t o  contaminxted outdoor surfaces 

with e i ther  paint ,  t a r ,  roofing compound, o r  masonq sealer, as appropriate 

t o  t h e  surface.  

Lkcontmiination of  a l l  contaminated areas i n  Bldg . 3019 in;rol-ved 

vacuuming and. sponging a l l  surfaces t o  remove eas i ly  t ransferable  contami- 

na t ion  and scrubbing with detergent solut ions t o  remove the  reminder  of 

the t ransferab le  a c t i v i t y .  The mos-i; d i f f i c u l t  par t  of  t he  decontamination 

was the  removal of nontransferable contaminution, >800,000 d/in/lOO sq cm 

i n  some places,  t h a t  had become fixed -to concrete, metal, and painted. sur- 

faces.  It was generally necessary to  niechanically remove a layer  of the  

contarnincited surfaces t o  relnove this 3c t iv i ty .  
It wa.8 decided tha t  an area. i n  Uidg. 3019 would. be c l a s s i f i ed  as a 

"noncontamintition zone" only when a survey involving one smear and four  

measurements wiYn a gas-purged proportional Q counter per  square meter of 
projected surface a rea  resulted. i n  (1) transferable  a c t i v i t y  (srnear r e su l t s )  
of no more than 3 d/m/LOO sy em, average, w i t h  no s ingle  srnca:r indicat ing 

more than 30 d/m/l.OO sq ern and (2) nontransferable ac- t iv i ty  of 30 d/m/lOO 

s y  em, average, with no s ingle  measurement of more than 300 d/m/100 sy cm. 

A l l  building areas  except t he  processing c e l l s  were e i t h e r  decontaminated t o  
.these spec i f ica t ions  or ,  i f  t h i s  w a s  not; feas ib le ,  were decontaminated to 

within t e n  times these spec i f ica t ions  and the  surfaces were color  coded. 

wi-th red o r  orange paint  and then covered with e i t h e r  paint  o r  concrete. 
.!,.reas with painted-in a c t i v i t y  are  designated as "controlled. zones" and. 

i n  :;uch areas, when the  br ight  color shows, the  surfaces w i l l  be repainted. 
Since t h i s  incident,  a l l  operations a t  the  Laboratory involving s ig-  

n i f ican t  quant i t ies  of radioactive nizterials have been examined. t o  ensure 
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t ha t  t he  maxlmuni  credible accident ~3.1-1- be conLahed and t h a t  two l i n e s  of 
defense a re  present t o  prevent escape of  radioactive materials v i a  waste  

stlreajyls. The application o f  these contaiiment crriteria t o  R3.dg. 3019 i izdi-  

cates  t he  need. f o r  structural change:; t o  the bullding, modifications t o  the 

off-gas and ventil.ation systems ( inclu-ding improved instrumentation), and 
additional equipment f o r  f i r e  and explosion protection. 

The release of plutonium from khe process equipment and from the con-Lain- 

ing shielded c e l l  was the only signif2cant result of t h e  explosion, which 

foi-tunztely occurred a t  a time when the OHMJ popul-ation was low and R flil.1. 

week. elid was available f o r  decontamination and immobilization of the radio- 

actlve material .  

The explosion resulted from a cornbinatton of  e r ro r s .  F i r s t ,  an e r r o r  

i n  judgmen-t was made i n  pe-mi.ttiiig a. proprietary agelit containing e a s i l y  

n i t r a t e d  phenol i n  the process eyiripment . Since -the incident the manufacturer 

has removed phenol. from t h i s  highly effect?-ve fo-rmulat ion with no apparent 
loss i n  decont;aminati.on a b i l i t y .  Second , an inadver-benk e r r o r  i n  shift ,  opera- 

t i n g  instruct ions caused n i t r i c  acid -to be a d d e d  d i r e c t l y  to a s m a l l  qmnt i ty  

of t he  decontaminating agent iha t  was left i n  the equipment because o f  

omission o f  t he  no-rmal vater wash. Last , the strong n i t r i c  acid--organic m l x -  

t u r e  w a s  boiled f o r  several. hours, a s t ep  not; nomial-ly included, which re- 

sulted i n  formation o f  the explosive, nitrophenol o r  pi.crli.c acid.  

2 .O IJ!JTRODU@TION 

On Nov. 20 , 1959 , at Oak Ridge National Laboratory, the Radiochemical 

Processjng P i l o t  Plani; (Bl-dg . 301.9), the X-1.0 Graphtte iieacto t- (BLdg . 3001) 

and nearby s t r e e t s  and building surfaces became contaminated by plutonium t h a t  

w a s  released from the  processing cel.1-s o f  t he  p i l o t  plant because o f  an eq1.o- 

sion i n  an intercycle evaporator t h a t  was being decontaminated. A preliminary 
report o f  t h i s  inciderit+ w a s  made t o  the A t o m i c  Energy Cominlssion a t  a t i m e  

when the cause of  the explosion, the extent of  darnage t o  equipment;, and the 
extent of the contamination were not completely knomt. This report describes 

the  explosion, i t s  cause, the exi;cnt o f  t he  contamination, the decontCanination 

o f  the  Radiochemical Processing P l l o t  Plant and. nearby buildings and ground, 

and the radioact ivi ty  containment program t h a t  has been proposed t o  preclude 

any future release of radioac-ti.vi.ty from the  p i l o t  plant .  

Fc.̂III- 
-Wurmnarized i n x u c l e a r  Safety, Vol. 1, No. 3, p p .  78-80 (March, 1960). 
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Ael-ylowlcdpent i s  mde t o  J. X. P u r o t t ,  Problem Leader f o r  Bldg. 3019 
- Power Reactor Fucl Processing operations, f o r  i.n.formatioti on the explosion and 

Rldg:, 3019 decontarxi.ination; to W e  N. T i l . 1 ~ ~ ~  of the C&k Xdge EatianaJ. Bhom-  
~ , t o q  Photogmphic Section, f o r  Cine photographic record of the post-explosion 

condition of the evaporator and processing ce l l s ;  axid to the Oak E d g e  Na-tioaal 
m’uomtory IncpeckLon Engineering Division for the niechanical and metallurgical. 

ana lyse s o f  the cxp losi on. 

On Xov. 20, 1959, a t  about ll:00 p. m., a no-muclear explosion i r ? v o l v i ~ g  
a n  emporator  occurred i n  a shielded cell. i n  tine Radiochemical Proc:essing 
P i l o t  Plant at @I?: Edge National Ls?bomtory, @k Ridge, Tenn. P3utonium re- 
leased from t ne  processing cell contarir-wted areas in the pilot p h n t  building 

arid nearby s t r e e t s  and building surfaecs. No radioac t iv i , ty  released from 
Oak Ridge National Iabora-tory, no one was injured by the expl.(:,sian, and no one 
received a s igni f icant  f rac t ion .  of 8 l ifetime body burden of p1utoiil.m or  an 
overexposure to sources of i on iz ing  rad ia t ion  e i the r  ai; the t i m e  o f  tine inctdein-t; 

or during subsequent clearup operations. 

3.1 Locattion o f  the Ekplosion 

. .  

.. .- 

Oak Ridge National Ia’uoratory i s  located ‘7 miles soutkwst  o f  the c i ty  of 
W k  Ridge, Teirn., and 20 miles west of Knoxville, Tenn. 

The intercycle  evapomtor that was mptured i s  i n  a shielded s u q ~ c e l l  i.n 
c e l l  6 of t he  :?BI31ocliemical Processing P i l o t  Plant, Bldg. 3019 (Fig. 3.1). 
Figures 3.2, 3.3, 3.4 are isometric, p h n ,  and sec t iona l  views of t’ne ~ ~ ~ i ~ c ~ i x a g .  

TLie Analytical  C h e m i s t q  Division oceupj-es areas at the west end of the main 
PZoor---analy.i;ical hot cells and labomtories ,  a counting room, and or f iees  I )  

Die Chemical Technology Division occupies areas a t  %he east end of Yne majn 

floor-cells and supporting areas reqiiired for mdiochemical processir-i .I 
Highly mdioact ive processing equipmen-1; i s  located i n  one 11 by 20 by 

27 ft, deep and. six 20 by 20 by 27 f t  deep concrete c e l l s ,  two of which, cells 
6 ard 7, are combined t o  form one Large ee l1  area. The s i x  c e l l  areas, c e l l s  
1. thj:ou@ 5 and the cel ls  6 and 7 combinati.on, bave 5- f t - tk ick  w a l l s  on Ynme 
sides and a Ik-f-t;--t,%lick \all on the outer side of the building. 
cells 1 through 5 are  8 ft below grade level a t  the bottom of sta5.mm,y,, fl which. 

Edaxinces t o  
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Fig. 3.1. Oak Ridge National Laboratory, X-IO Sit 



9 

c
 

0
 

- .- a 



ti 
... Ir. 





12 

make r igh t  angles with the entrances. There a re  two entrances -to the cell- 

6 and 7 area.  One i s  s imilar  t o  the entrances t o  c a l l s  1 through 5 and i s  

located i n  c e l l  7. The other i s  a t  grade l eve l  and i s  located i n  c e l l  6.  
A sampling galle-ry mrming the e n t i r e  length of t he  process cells 

i s  located on the south s i d e  of  the  building near the top  o f  the c e l l s .  

Radioactive samples of process sol-utions are collected i n  b o t t l e s  inside 

a shielded, sample conveyor by a recirculat ing air-lift, saiq)I-ing system. 

On top of the c e l l s  i s  the penthouse, where ?ire located a bridge 

crane f o r  moving equipment in to  and. out of' t he  c e l l s ,  in s tmme.n t  t r ans -  

m i t t e r  racks, and misceUaaeous pieces of process e&ipment whi,ch are 

e i t h e r  nonradioacti-ve o r  are unit-shielded. 

Nonradioactive process solutions a re  prepared i n  the cold solution 

makeup a x a ,  located ju s t  outside t h e  north wall  of  the ce l .1~ .  

N e x t  t o  the makeup area i s  the control room area and next t o  t h i s ,  

along the north side of the bi.iilding, are o f f i ces .  
Tfle area destgnaked the pipe -tunnel i s  located under the makeup 

area and i s  intended foj? motor-driven equipinent, such as column pulsers, 

which requires re-lar o r  frequent maintenance and i s  connected d i r e c t l y  

t o  highly radioactive process equipment. The east, end of  the pipe tunnel 

i s  a storage area where uranium-233 i s  kept i n  c r i t i c a l l y  safe tanks.  

A t  t h e  time of  the explosion, processing c e l l s  1 and 2 and the east 

portion o f  the  sam$le galleiy, penthouse, makeup area, control- ai-ea, and 

o f f i ces  were being used for the p i l o t  plant demonstration o f  the v o l a t i l -  

i t y  process f o r  recovering uraniim from fused s a l t  reactor fuels. Cells 

3 through 7 and the r e s t  o f  the of f i ces  and operating areas contained the 

f irst  codecontcminatian cycle of the Power Reactor Fuel Processing (PIIFF) 

p i l o t  plant .  The evaporator t h a t  exploded w a s  located i n  c e l l  6 d i r e c t l y  

opposite t he  cell 6 door. 

3.2 P-I 5 Evaporator Loop 
-.-__I__ 

The evaporator that  eyploded was one of t w o  iritercycle evaporators 
used t o  concent rate aqueous uianii~n-plutoniim1 s t r i p  column product . Thfs 

evaporator (Fig.  3.3) was not a simgle piece o f  equipment but consisted o f  

a s t e m  str ipper  ( P - 5 ) ,  a vapor sepdratcr (P-L), R 25-sq f t  heat exchanger 
(P-7), and connecting plping. 
heat exchanger (P-8) and w a s  col.J_ected i n  a condensate catch tank (P-6) 

Overhead vapor was condensed i n  a 35-sq ft 
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which was shared by the  tiwo evaporator loops. I n  noniial. operation, the 
uranium-plutonium-bearing aqueous stream from t he  s t r i p  colutnn flowed by 

gravi ty  through the  stearn s t r ippe r  ( f o r  removal- of  &issolved o r  entrained 

organic) t o  the natural-convection evaporator 1.00~. 

l iqu id  rose i n  the heated sect ion in to  the vapor separator,  from which the 

l iqu id  returned t o  the  bottom of’ the evaporztor f o r  another pass. The 

vapor was routed through Lhe packed sect ion o f  s t r ippe r  P-5, where it 

seived as -the s t r ipping inediim, and then t o  the  overhead Condensate collec- 
t ion system. 

Steam and entrained 

“he valve in the drain l i n e  was mami.al.ly operated., and i t s  use required 

t h a t  personnel en ter  the processtng c e l l .  The product ou t l e t  valve was 

remotely operated. Therefore i t  was usual ly  used f o r  draining the  evaporalior 

even though the product o u t l e t  l i n e  vas located on the  side of the  natu?:al 
convecLion loop such t h a t  1-6.5 1i.Le:r:j o f  solut ion remained i n  the  evaporator. 

3.3 Evaporator Decontamination - __l___ll__ 

O n  November 18, 1959, decontamination of the P-15 evaporator was s t a r t ed .  
‘The subcell  containing the  P-15 evaporator contained radiat i-on leve ls  above 
100 r/hr (hard-shell. ci1tri.e p i e )  and caused excessive backg.round I-evels 

throughout c e l l s  6 and 7 and i n  the area south o f  Bldg. 3019 (through c e l l  6 
door). 

equipment raaintena.nce and f o r  i n s t a l l a t i o n  of more shielding around the 

evaporator subcel l .  

I)c.contamination was required t o  allow useful  workj-ng times f o r  

The evaporator was t r ea t ed  with Turco Decon 4501,l a proprietary decon- 

taminating agent which w a s  heated 2 hr,  and the evaporator w a s  drained to  the  

16.5-l.j.ter residue. 
Then 3O$ n i t r i c  acid - w a s  introduced, heated withou’r, volume reduction k5 min, 
and drained t o  the 16*!7-1.iter heel .  

Fi-fty gal.lons o f  water w a s  flushed through the  evaporator. 

T h i s  s tep  was followed by a water r inse .  
Radiation l eve l s  had not decreased. Therefore the  manually operated 

drain valve w a s  opened. and the evaporator w a s  flushed with 200 gal. of  water, 
h00 l i t e r s  of hot 25$1 sod ium hydroxide, and 300 gal  o f  water. 

operated drain valve was closed and the  evaporator was empty except, possibly, 
f o r  l iqu ids  tha t  might be clinging ’LO .the walls. 

The manua1l.y 



S t i l l  radiat ion leve ls  had not been measurably reduced, and it was 

. decided t o  makc another s e r i e s  of  Turco Decon 4501 and n i t r i c  acid t r e a t -  

menta, Although the intent ion was t o  fol low the  usual procedure of making 

a Turco Decon 4Wl treatment, f lushing with water and then 

acid treatnzent, the instruct ions t o  s h i f t  personnel were wri t ten t o  "make 

Turco, acid, and water" treatments of the evaporator. The s h i f t  forernan 

knew tha t  t h i s  was not the normal procedure but, thinking that the  water 

f lush  had been omitted on other occasions, d i d  not question the wri t ten 

sequence e 

making a n i t r i c  

Turco &con 4501 w a s  heated i n  P-6 by recirculat ing with the in te rna l  

s t e m  j e t  and was added t o  the  evaporator and heated 2 h r  during which 

time the volume w a s  decreased about 105 by boil-off and leakage through 

the  product outlet, valve. 

by steam condensation during heating and t r ans fe r  by steam j e t s ,  it was 
more dil-ute than as received. The evaporator was drained through the  prod- 
uct  ou t l e t  line, leaving 16.5 l i t e r s .  

Because the  Turco Decon 4501 had been di luted 

... About 270 l i t e r s  of 4 N n i t r i c  acid was added t o  the evaporator, and - 
the  evaporator heat w a s  turned on. 

but; t h i s  time it w a s  boiled i n  the  hope tha t  the vapor spaces could be 

Usually t h i s  acid w a s  heated t o  85"C, 

subjected t o  the ac id  treatment. 

The evaporator exploded a f t e r  85 min of boildown. About 205 l i t e r s  

had been boiled of f  t o  the condensate catch taak and 35 l i t e r s  had leaked 

through the product ou t l e t  valve t o  the product catch tank, leaving only 
the  equivalent of 48 l i t e r s  of concentrated solution i n  the evaporator 

when it exploded. 

3.4 Events Following the Explosion 

The three chemical operators and foreman, who were i n  the control 
room of the  Power Reactor f i e 1  Processltng (PfcFP) Pilot Plant, heard the ex- 

plosion and f e l t  the building shake. 

mom, which i s  adjacent bo the control room, and s a w  tha t  i t  w a s  f i l l i n g  
w i t h  a fog. Four people f r o m  the ana ly t ica l  chemistry laboratory, two 

operators from the Vo la t i l i t y  P i l o t  Plant,  and two of the PRFT operators 

left the  building. The foreman actuated the evacuation alam and ca l led  

guard headquarters t o  request ass is tance from a Health Physics surveyor. 

He and one operator donned gas masks and looked in to  the  solution makeup 

They looked in to  the solut ion makeup 
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room again. 

cut ie  p ie )  and found nothing s igni f icant  i n  the  solut ion makeup room. 
Then, l e s s  than 2 rain after.  t h e  explosion, they evacuated the  build.ing. 

They no-Led no a c t i v i t y  i n  the coritrol. laom (checked with a 

The foreman to1.d. the TJa.bo:rato;cy shift supervisor t ha t  an exglosion had 

occurred itn c e l l  6 and, while the Laboi-atol-y s h i f t  supervi.sor issued c a l l s  
f o r  assistaiice from various members o f  the  La7oorKt;ory s h i f t  organization, 

the  foreman and Lhe operator retimied to tile building momentarily t o  shut 

o f f  w a t e y  and s-tear11 aiid t o  secure operations. 

Meanwhile, a Heal-th Physics surveyor  who w a s  walking from the O a k  

Ridge Research Reactor (SI dg. 3042) t o  the Graphite R@actor (B ldg .  3OOl.l  
heard the  e q l o s i o n ,  re tumcd t o  h i s  t ruck  which was near Bl.dg. 3042, 

turned on hies i n s t r~men t s ,  and drove toward R1d.g. 3019. When opposite 

c e l l  6, he noticed tha t  the ce1.l door w a s  open and a concrete block w a l l  

which had been i n  f ront  o f  the  door w&s  knocked do-dn- H e  surveyed. t he  

s t r e e t  with a Geigi:i- counter,  I"iti(Thg up 'co 1.5 mr/hr p-7 ac t iv i ty ,  ana 

took siiiears t o  be counted l a t e r .  

piece of f i l t e r  paper over a surface.  When the  f i l t e r  paper i s  raonitored 

for radioactivi-ty, o r  "counted, ' I  tkic armunt of  rad ioac t iv i ty  t ransfer red  

from the  surface -Lo the i ? i l . t Z r  paper i s  detemiii1eti.) 
located inside 3 securi ty  fence and could not be aqproached fivm the 

s t r e e t  s ide of the  buil..ding. The surveyor procxeded to the west gate o f  

t he  301-9 securi ty  area, where he SuiTryed the  evacuees for P-7 a c t i v i t y  

anc! found none. It was then  about 5 min af tei -  the  exlplosion. 

( "TaFring a smear" involves wiping a 

The cel.1. door was 

Operating, I-halth Physics, and iina.nag?ment personnel were cal led t o  

the Z,aborato-ry and access t o  the affected a rea  was r e s t r i c t ed .  A p1.m 

was i n i t i a t e d  t o  evaluate the incident ;wd s tar t  cleanup operat;ions. 

Securi-Ly giiarris at -the Taboratory gates were ins t ruc ted  that only persons 

requ,ired a t  t he  ::cene of the e q l o s i o n  should be allowed t o  enter. 

The evacuees were sumeyed f a r  CT contamination and none was found. 

The foremaii and a s u p e ; ~ i s o r  put m gas masks an& looked in to  cell 6 
through the  d.oor tlia-t h a d  been blown open, The light, was poor, bat they 

could see t h a t  the urnortared h1.ock w a l l  i n  -fi*o:nt, of the evaporator sub- 

c e l l  had been knocked over and equipment i n  the  subcel l  disarranged. 

Rt midnighi; the Laboratory gates were opened -Lo al low the shifts t o  
change and tliose leaving were surveyed for  contamination. ShorLly aTter 



midnight, D a c t i v i t y  w a s  repo-rted on it f i l t e r  paper that  had been removed 

- from one of t he  B1d.g. 301.9 air. monitors and, concurrently, a Health 

Physics surveyor found a contamination on h i s  shoes. Alpha a c t i v i t y  was 

then found i n  the s t r e e t  i n  front o f  the cell 6 door and on the  cheeks of 
the  supcmisor  who had looked in to  c e l l  6. 

. 

Laboratory w a s t e  streams were found t o  contain ~5 t o  150 u c/m/n~. 

Frocess waste was directed t o  a basin where it could be stoi-ed, and proc- 
ess water saving measures were in s t i t u t ed  throughout, the Laboratory t o  
minimize the waste storage probl-em. 

The Graphite Heactor Building (3001) was found t o  be contamina%ed 

with a a c t i v i t y .  The reactor  was shut down a i d  t he  building evacuated. 

3.5 Ex-tent of Contamination 
Radioactivity w a s  released t o  t h e  processing c e l l ,  t o  t h e  Chemical 

Technology Division pilot plant  operating and o f f i ce  areas, m d  to build.- 

ings and growids i n  -LIE v i c i n i t y  of the Radiochemical Processing P i l o t  

Plant as a r e su l t  of the  explosion. Fal lout  of the  rad ioac t iv i ty  was 

evidently rapid., and the  contaminated area w a s  only a smi t l l .  f r ac t ion  of 
- .  

. -  the Laboratory area, Alpha-emitting plutonium was the niajor coriCmimzt 

and 0 - y  emitt ing zirconium-95 and niobiurii-95 w e r e  of  secon.dmy inportarm?. 

The p L e n t i a 1  hazard presented by the  plutonium and the  cleanup e f fo r t  
required t o  contain o r  remove the  plutonium a a c t i v i t y  were sc) great  as t o  

overshadov t h e  consequences of the zirconium-niobium contcunin.a-t iorr . 
3.5 .l Methods Used.  t o  Define Contaminated. Areas 

Standard 1Teulth. Physics techniques' were used to define cnntar~tinated 
I l - x I I I -  il__ 

areas and t o  indicate  the degree t o  which these areas were corituxiinzted. 

Gas-$urged. pmportianal counters were used for  d i r e c t  readiiig Q measure- 

ments, cutie p i e s  a d  Geiger counters f o r  direc-t r ead i i ag  p-y rrieasurenents, 
and f i l t e r  paper smear techniques for  detemining both 0: and f3-7 t ransferable  

radioact ivi ty .  
D a t a .  f r o m  Health Physics surveys were used t o  deflne contamination 

zone:; and t o  estimate rough1.y the  amount of plutonium dispersed by the ex- 

plosion, although it w a s  rea l ized  t h a t  the value o f  Health Physics survey 

data f o r  t h i s  l a t t e r  purpose was questionable. The purpose of a Health Phys- 

i c s  survey is  t o  determine whether t he  area surveyed presents a heal th  hazard 
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to personnel, and the absence of  such hazard is indicated when a survey, made 

according t o  prescribed iiionitoring technique:;, y ie lds  ~iumertcal r e s u l t s  t ha t  . 

are  below established tolerances for those techniques. When an are3 i s  

gr0ssJ.y contaniriated, the f ac t  t h a t  t he  con-Lamination exis.Ls i s  the end r e s u l t  

of  the survey. Instruments are moved over the area f a s t e r  than normally, 

and f i l t e r  paper smcars a re  not rubbed as hard o r  as long as norma I... 0nJ.y 

when corltmination l eve l s  are low, because of  cleanup o r  because the area 

being surveyed i s  only s l i g h t l y  contaminated, i s  extreme care taken t o  assure 

that, the survey i s  ’oeing niade i n  accordance with prescribed procedures. Cal- 

culations based on Heal-Lh Physics survey d a t a ,  which are intended ’io determine 

the xrnount of a par t icu lar  isotope spread over a surface, involve estimatiqq 

the rel-ation between the amouit of the isotope on the surface and the 

effectri.veness o f  the  monitoring technique used. In the  following sections, 

the figures t h a t  show coiitamination l eve l s  i n  various ayeas are  iiiere1.y a 

convenient way o f  presenting Health Physics survey data. Calculatinns of  

the amount of plutonium dispersed by the explosion a re ,  a t  best ,  order-of- 

magnitude e st  imatec . 
3.5.2 
Approximately 150 g of plutonium has been flushed from surfaces i n  c e l l s  

6 and ‘7. Most of  this  came from the ruptured evaporator and it has been 

estimzted tha t  oilly about 1-5 g w a s  released from the evaporator subcel-I_. 

Radi.oactivity Released. t o  Cel ls  6 and ‘7 

Processing cel ls  6 and 7 (exclud.ing the evaporator subcell)  were 

hurriedJ..y smeared with paper towels I Five smears, each covering about 

4 sq ft, were taken. 

av-emge containinatI.on over t,he various cel.1. surfaces, and assuming a t r a n s f e r  

t o  ’che towel of 10% of the a c t i v i t y  present,  gave a t o t a l  o f  14.7 g of 
pl-utonrium released from the evaporator subcell  t o  the general. c e l l  6 arid 7 
area.  

Using the r e s u l t s  of  these smears as indicators of 

3.5.3 Radioactivity Released ^_.^_ from the .I.I...--. Processing Cells 
From the  time Bldg;,  3019 was b u i l t  i n  19h3 un- t i l  the evaporator ex- 

-I_.---_ 

ploded, controlled a i r  flow from the  occupied, low-act i v i t y  areas through 

unoccupied, high-activity areas t o  an off-gas Lreatment f a c i l i t y  and d i s -  



charge s tack was t he  means used t o  limit the  spread of air-borne radio- 

_. -- - activity. The pressure rise t h a t  must have accompanied the evagorator 

explosion reversed. t he  air  f20%~ momentarily, causing ab-borne a c t i v i t y  

t o  be transported from the  processing c e l l s  t o  other  areas i n  the  build- 

ing gad t o  the  outside of the building. 
Fal lout  of the  dispersed a c t i v i t y  w a s  rapid, and only a s m a l l  f rac-  

t i o n  o f  the Laborat;oiy area becane contaminated. A n  indicakion of the 

rap id i ty  of  f a l lou t  i s  the f ac t  t h a t  the outside of a ‘truck driven through 

the  f a l lou t  zone by a Health Physics surveyor becarae highly contaminated 
but t he  surveyor, who got cmt of the truck and. looked through t h e  building 

secur i ty  fence a t  t he  ee1.l 6 door, mere1.y got h i s  shoes contaminated.. 

a. Contamination i n  Bldg .  3019. Plutonium was forced from the proc- 
*-____.----- 

essing c e l l s  v i a  access holes penetrzting the  ce1.l w a l l s  and W i 3 8  spread 

throughout the port ion of I31dg. 3017 used as o f f i ces  and. operating areas 
by the  Pilot Plant Section of the Chemical techno lo^ Division. The walls 

o f  c e l l s  6 and ‘7 contsin 38 access holes, which were e i t h e r  completely open 

or parLially f i l l e d  with piping and which t o t a l  aver 6 sq f-t. j n  area, 

F’j-gclre 3.4. S ~ O ~ T S  t he  contamination 1-eve1.s i n  various parts of the  b u ~ ~ . d i n g .  

Most smears taken i n  the penthouse, the ngst highly contaminated building 

area outside t h e  c e l l s ,  indicated tra.risferab3e ~ci: corxtxmination af from 
TOO0 to 50,000 d./rfi/LOO sq cin., and d i r ec t  probe mea.suremnellt;s wire as high a:; 

880,000 d/m/lOO sy cm. 

ac t ive  solut ion makeup area, and pipe tunnel ranged. from lOOCl t o  FOQO 

d/m/100 sq em. 
about; 50 d/nz/lOO sq cm. 

tha t  -70 mg 04” plutonium had been sprcad i n  the  building. 
The p a r t s  of t h e  builtling tha t  coixtain the  ana ly t ica l  chemistry lab- 

- I  

Most smears tcdxera i n  the sample gallery, nonradio- 

 he average Q: contamination i n  the p i ~ . o t  plant. offices w a s  
A c-rude est’tnmte based on smar da ta  h d i e a t e d  

oratori .es and. the basement area under the  analytical. chemistry laborator ies  

were not contaminated as EL r e s u l t  of the accident.  

b. Containination Outside of B l d g ,  3OL9. The eel1 6 door, which i s  a t  
groun,d l eve l  and. opened c1irectl.y to the  outside of B l d g .  301-53, w a s  throwsl 

open by the  explosion, and it lknocked. d ~ w n  a dry-stacked concrete block 
shielding wall j u s t  outside the  doors Plutonium released through t h i s  

doorwqy contaminated nearby s t r e e t s  and building S U ~ ~ E L C ~ S .  The Graphite 

Reactor Building ( 3OOl.) became contminated by pl.uton.ium released through 
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the cel.1. 6 door and subsequently drawn in to  and through the reactor biiild- 

ing by the ventilatiori  system. The affected area i s  indicated on Fig. 3.1, 
and Fig. 3.6, an enlargement of t h i s  area, shows the degree t o  which the 

area was contaminated. A cal.culation similar t o  the one used t o  determine 

t h a t  -'[O rg of plutonium w a s  released t o  Bldg;. 3019 indica.ted t h a t  4 0 0  mg 

wa.s released froisn the building. 

3.5.4 Cell Ventilation F t l t e r i n g  System 

F i l t e r s  i n  the vent i la t ion  system f o r  the radiochemlcal processing 
___I .I-I.-.. I__- ___ 

cells contained about 1 . 5  g of  plutonium, mos-t of which w a s  probably re- 

leased t o  t'ne ce1.l venti.lation system by the  explosion. The concentralion 

o f  the plutonium a t  t he  front of the f i l t e r  'oank indicated khat the pluto- 

nium was retained v i t h  a high degree of eff ic iency.  

The c e l l  vent i la t ion  f i l t e r i n g  system (Fig .  3.7) comprises three 

p a r a l l e l  f i l t e r  banks, each o f  which contains seven compartments f o r  
roughing f i l t e r s  which are operated i n  parallel. and two compartments for 

absoI.ute f i l t e r s ,  a l so  operated i n  paral le l . .  Each roughing f i l t e r  compart- 

ment contains f ive  deep-bed pocket f i l t e r s  which a re  i n  parallel. and are  

composed of a 1-in.-thick front  ( f i r s t  t o  be exposed t o  a i r  f lov)  layer  of 
E - 2 5  filterdown, fol.lowed by a I-in.-thick layer  of E-50 filterdown. 

Each absolute f i l t e r  compartment contains three p a r a l l e l  f i l t e r s .  Thus 

c e l l  vent i la t ion  a i r  flow from the c e l l s  passes through oLie Layer of E-25 

filterdown and one layer  of  FG-50 filterdown i n  a roughbe; f i l t e r  and then 

through an absolute f i l t e r  before being discharged t o  the s-Lack. The rough- 

ing f i l t e r s  are 93.9% e f f i c i e n t ,  isy p a r t i c l e  count, on atmospheric dust 

retentLon, and the  absolute f i l - te rs ,  which a re  e i t h e r  asbestos or gl-ass 

fi.ber, a re  99.9576 e f f i c i e n t  on retent ion of  0.3-p. s i ze  p a r t i c l e s  o f  dioctyl  

phthalate.  

Examination of three l u g e  sections o f  roughing f i l t e r  and four sec- 
t i ons  of absol.ute f i l t e r  indicates t h a t  1.5 g o f  plutonium, of the same 

isotopic concentra-tion as the plu-Lonium found i n  the evaporator, and '75.8 g 
of uranium were collected by the systeili. Principal. y a c t i v i t i e s  were 

zirconium, niobium, and mtheniim. The roughing f i l t e r s  contained 98.8% of 

the pl-utonium, 97.876 of the y ac t iv i ty ,  and 88.3% of  the uraniuni found i n  

the  f i l t e r i n g  system. It i s  probable t h a t  no alpha a c t i v i t y  penetrateci t o  

the back of the absolute f i l t e r s .  
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3.6 Blast Damage t o  Equipment by the  Explosion 

The e,xplosion was a minor chemical explosion and. physical damage w a s  . *  

confined -to the equipment i n  t h e  evaporrztor subcell, a f e w  pipe. 6 which 

. were connected t o  t h i s  equipmefit, and the unraortared concrete block 

shielding walls which were in f ront  of the subcel l  (Fig.  3.8) and i n  
f ron t  o f  the  cell 6 door. 

it has not been possible t o  make a thorough emmination of the  niptured 

evaporator. However, photographs of  the subcell plus a few observations 

of  the equipment have made possible a reasonably accumte descr ipt ion of 

t he  damage (Fig.  3 .9 ) .  

Access t o  the  c e l l  area ha:; been limited, arid 

The vapor separator was tom aystrt by the incident.  A large, badly 
del'ormed sect ion tha t  original-ly was part of the  s ide and .top and bottom 

w a s  found ly ing  on the f l o o r  IE the  subcel l  (Fig.  3.1-0). 
of Llre separator w a s  found wrapped around the s t e m  s t r ippe r  which was 

tieritecl by the impact (P ig .  3,11). 

The remaind.er 

The can-vection loop wns completely separated from the  vapor separa- 
tor as the  r e su l t  of  mechanical failures i n  the heat-affected zones 

s?j.rr.omding the weZds .that cormeckd the t w o  ends of the convection loop 
and the vnpoi: separator.  The f l a red  end. of the heat exchanger nozzle, which 

w a s  flanged t o  a 2-in.-d.i.a pipe, which, i n  turn ,  w a s  welded t o  the bottom of 

t h e  vapor separator, faile2 circumferentially and the :!-in" -di.a pipe was 

found lylng on the floor of  the subcel l .  The bottom flange on the he& ex- 
ci?a,nger was foui id~ t o  be open, and. zpparvntly the  flapge bolts o r  nuts were 

s t  ripped e 

IJater s~zpplied t o  the heat exchatiger jaeke-t a f t e r  the explosion leaked 

into the convection loop i3nd, ir?. addi t ion t o  leaking from the  damaged. 

~ J O ~ ~ O I O .  flange, ran out the convection LOOP co ld  leg d%hou@i .the top of t h i s  

cold. k g  i s  at-, a higher e h v a t i o n  than the -top of the heat exchanger leg. 

The bube bundle appezrs to be badly dmiaged. 

Miscellaneous pipes wliiich are  o r  were connected t o  the evaporator are 
'oe.nl; o r  t w i s t e d  but they cln not seem to be damaged so badly as -Lo p?revent 
flow through them. 

The shielding walls h~oclred down as a re su l t  of the explosion were 

constmzcted of barytes concrete bl.ocks, which wex-e dry-stacked . Very l i t t l e  

force was required t o  bring about t h e i r  collapse. Some of the blocks were 
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Fig. 3.8. Debris in front of  evaporator subcell after explosion 
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Fig. 3.9. lntercycle evaporator before and after explosion. 
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Fig, 3. I I .  Upper portion of evaporator subcell after explosion. 
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chipped slightly but, i n  general, individual blocks received l i t t l e  physical 
damage. 

4.1 

by a 

4.0 ANALYSIS OF TKE EXPLOSION - 
Possible Nuclear Origin 
The explosion and subsequent re lease of rad ioac t iv i ty  were not caused 

nuclear excursion, but a t  the t i m e  of the incident there exis ted 

reason t o  suspect t h a t  a nuclear excursion, involving e i t h e r  uranium-233 

or plutonium-239, had occurred. Uranium-233 i s  stored i n  geometrically 
safe storage tanks i n  the eas t  end of the pipe tunnel and, a t  the time 

of the explosion, these tanks contained about 40 kg of t h i s  f iss ionable  

isotope. 
During the chemical processing programs e n t i t l e d  the  "Plutonium 240" 

programs, which were conducted from August through November, 1959, the 

determination of a plutonium mater ia l  balance was encumbered by problems 

a r i s i n g  from process solut ion charac te r i s t ics ,  sampling, and method of 
analysis .  The f u e l  solutions contained a Larger f r ac t ion  of so l ids  than . -  
previously experienced. 

sparging of the feed solut ion before sampling had been held t o  a minimum t o  
l i m i t  the amount of rad ioac t iv i ty  discharged t o  the vesse l  off-gas system. 

The ana ly t i ca l  method used or ig ina l ly  (and which previously had been success- 

f u l  i n  providing a plutonium mater ia l  balance) was t o  cent r imge the sample 
and analyze the supernatant l iqu id  by TTA ( thenoyl t r i f  luoroacetone ) extrac- 

t i o n  m e t h ~ d . ~  
usefu l  f o r  these samples because the so l ids  contained much of the plutonium, 

and fur ther ,  t h i s  plutonium was i n  a nonextractable form. The r e s u l t  was 

that on Nov. 20, 1959, a plutonium balance was not complete; the poss ib i l i t y  
existed t h a t  more than a c r i t i c a l  mass could not be accounted for .  It was 
shown l a t e r  t h a t  the mater ia l  balance f o r  the 27 kg of plutonium processed 

during the programs wits minus 4,570 + 3,250 g. 

plutonium could not be accounted f o r  by e r rors  i n  the balance. 

Because of the high burnup of the feed metal, a i r  

It has been determined t h a t  t h i s  ana ly t i ca l  method was not 

Approximtely 1500 g of - 



However, within 3 h r  af'ter the explosion the poss ib i l i t y  tha t  the  ex- 
- 

plosion had been nuclear i n  or ig in  w a s  considered remote. 

fietectors dis t r ibuted throughout the  building were examined and no neutron 

act ivat ion was detected. These detectors were collected by the Health 

Physics Division area leader  f o r  the building, and he noted that  there had 

been no increase i n  radiat ion background leve ls  i n  the building as a re- 

s u l t  of the explosion. Further, none o f  the smears o r  a i r  samples taken 

immediately a f t e r  the explosion contained any short-l ived f i s s ion  products. 

4.2 Chemistry of the Incident 

Threshold f lux  

4 

The intercycle evaporator explosion pro'oably w a s  caused by rapid 

reaction of the products of the ex"iensive n i t r a t ion  by concentrated n i t r i c  

acid of the proprietary decontaminating agent Turco-4501. 

strongly basic  solution of the a l k a l i  salts of various organic hydroxy 

acids, amines, surface active agents, and phenol. The products of  n i t r a -  

t i o n  are  potassium n i t r a t e  (a  component of black gun powder), n i t r a t e  
salts of the amines, n i t r a t e  es te rs ,  and p i c r i c  acid.  Potassium n i t r a t e  

c rys ta l s  were found i n  the evaporator after the explosion. These corn- 
p0und.s > especial ly  p i c r i c  acid, are thermodynamically unstable and are  

readi ly  ignited.  

This i s  a 

. ._  

It i s  possible t h a t  t r i b u t y l  phosphate (TBI)) and its degradation 

products di-  and monobutyl phosphoric acids could have been flushed from 

the steam s t r ippe r  t o  the convection loop and tha t  reactions of  these 

materials with hot n i t r i c  acid may have been contributory t o  the  explosion; 
however, there is no evidence t o  suggest the presence of s ignif icant  

quant i t ies  of !l%P o r  i t s  degradation products i n  the evaporator at the 

time of the explosion. 

4.2.1 
The manually operated drain valve was closed a t  3:OO p. m. on Nov. 20, 

Chemicals Inventory Preceding the Explosion 

1959, and, except t h a t  t r i b u t y l  phosphate degradation products may have been 
adhering t o  the metal surfaces, the h is tory  of operations p r i o r  t o  th i s  time 

had no e f f ec t  on the subsequent explosion. A solution of 200 l i t e r s  of 

Turco Decon-4501 and 62 l i t e r s  of water ( s t em.  j e t  d i lu t ion)  was added t o  

the evaporator. The lower 15% of the Raschig r ing container i n  the steam 

s t r ipper  w a s  i m e r s e d  i n  the solution at the start of a 2-hr boildown, dur- 

- 



ing whi_ch the  solut ion w a s  concentrated t o  238 l i t e r s .  The  solut ion was 

drained 'ihrough the density control valve t o  product receiver P-3, leav- 

ing the d r a i n  heel. of 16.5 l i t e r s  (13.9 l i t e r s  of Turco k c o n  4501 and 

2.6 l i t e r s  oi" water) .  
The next addi t ion t o  the evaporator loop was 2'7Q l i t e r s  of  4 _- M 

n i t r i c  acLd, which w a s  ad.ded through the vapor separator i n  such a way 

t h a t  i , L  flowed in to  the  cooler l e g  of  the convection loop, displaced about 

1.6 l i t e rs  of  the Turco-water mixture, and then flowed in to  the  steam 

s t r ippe r .  

which 29 l i t e r s  was i n  the  convection loop of the evaporator; t h i s  29 

l i t e r s  w a s  composed of about 12.6 l i t e r s  of "as received" 'iturco Pkcon 
4501 and 16.14 l i t e r s  o f  

The t o t a l  volime of  l iqu id  i n  the  system was 286 l i t e r s ,  of 

- M n i t r i c  acid.  

From potent ionietric t i t r a t i o n  by strong acid the  fol-lowing approximate 

composition o f  Turco Decon 4501 w a s  deduced: 

Strong base 3.9 
1.7 N Weak organic acids 

Stronger acids,  such as  phenol. 3.1 N 
- 
- 

It i s  est.imated tha-t; p r i o r  t o  star-ti_ng the  last boildown, there  '%ras i n  the  

heat exchanger loop only about 5.2 moles of 1iitrl.c acid per  l i t e r  s f  

'i'urco Decon 4501. Thus, at the  s t a r t  of boi l ing <;he mixture i n  the  loop 

w a s  probably s t i l l  a lka l ine .  It i s  probabl-e that, some products of the 
degradation of t r i b u t y l  phosphate (TBP) were a l so  i n  the  intercycle  evap- 

ora tor .  D i -  slid monobutyl phosphoric acid are h o u n  t o  form with some 
cations,  e .  g+, Fe(III), Z r ,  and U ( V L ) ,  compounds tliat a re  only s l i g h t l y  

so1ubl.e i n  a.rpeous sol-utions such as were nonnal.l.y processed i n  t he  P-1.5 

e vaporator. Also, an appreciable f r ac t ion  of  tribiity-1 phosphate dissolved 

o r  entrained i n  these solut ions would. be decomposed i n  the steam s t r ippe r  
and i n  t h e  convection loop. The inventory of these materials at t he  time 
of the l a s t  a.ddition o f  the  decoiitaminating agent i s  unknown. 

During t h e  85-min in t e rna l  between the  start of  boi l ing and t he  ex- 

plosion, 205 l i t e r s  of l . k 2  I N acid. w a s  dis-Lil.l.ed. i..nto the  condensate catch 

tank and 35 l i t e r s  of solut ion leaked through the  product o u t l e t  valve .to 
product catch tank F-3. 
from the  s'ce.m s t r ippe r  t o  the  convection loop was about 2.8 l.iters/min. 

Thus, the  average rate of flow of  k M - n i t r i c  acid 



At ,  t h i s  r a t e  about 5 rnin ~ ~ o u l d  have elapsed from the  start  of bo i l ing  t o  

the neut,ral-ization of  the  'I'ureo Decori 4501. Conversion of the ainines t o  
subst i tuted cmnionium nj trates and n i t r a t i o n  of t he  organic material would 

then 'oegin. 
4 

J u s t  p r i o r  ta the  explosion, t'ne evaporation system probably had the  
following chemical inventory: 

mately 30 l i t e r s  of 30-35$ n i t r i c  acid (5.6 - 6.7 E); (2 )  i n  t he  convec- 

t i o n  loop-heat exchanger combination, approximately 18 l i t e r s  of t'ne 
pcoduc:ts from extensive n i t r a t i o n  of the Turco Decon 4501 and some unknown 

cpant i ty  of phosphoric acid and butyl  n i t r a t e  obtained from the  n i t r a t ion  
o f  TBP degradation products e The convection loop-heat exchanger sect ion 

may have contained s o l i d  a l k a l i  n i t r a t e  and possibly 2-3 kg of  p i c r i c  acid.  

(1) i n  the  steam s t r ippe r  P-5, approxi- 

4 .3  Mechanics -111 of  Evaporator Failure 
I n  inrrestigating an explosion t h a t  has occurred i n  a piping-pressure 

vesse l  system and attempting t o  classiXy t he  type, one normally starts by 

considering the  locat ion and posi t ion OS fragments and the  d i s to r t ion  of 

tube sheets, baf f les ,  and o ther  pai-ts of the  flow path. The high cx: con- 

tamination l e v e l  and the i n i t i a l l y  high levels  of penetrating radiat ion i n  

cell 6 made  it d i f f i c u l t  t o  locate  md_/or examine all fragments. 

sions were based on photographs o f  the  area (Figs .  3.8, 3.10, and 3.ll), 

reports  from a f e w  people who had entered the  c e l l ,  v i sua l  inspection of 
t he  area fyom a distance of about 20 P t ,  and a complete metallographic 

examination of  only one fragnent. 

Conclu- 

4.3.1 
Figure 11.1 i s  8 photograph of il piece of  a f lared pipe which connected 

Metallographic Examination of Failed Pipe 

the  convection loop heat exchanger t o  the  long nozzle t h a t  w a s  welded t o  
the  bottom of vapor separator P-2* I n  Pig. 3.5 the  piece i s  shown between 

"Break ( 2 )  'I and t he  flanged cormection just above "Break (2)  * ' '  It can 

also be seen protmding from the  flange t h a t  i s  near the bottom i n  the  

center  of Fig.  3.10. (See also Fig. 3 . 9 ) .  
Metallographic specimens were cut from the  two areas of i n t e r e s t  

(Fig.  4.1) with a hacksaw. 

the  pipe. 

The cuts  were made p a r a l l e l  t o  the length of 

The specimens were mounted i n  thermosetting p l a s t i c  and hand ground 
on 240 through 600 g r i t  s i l i con  carbide paper t o  the  depth of i n t e r e s t .  
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UNCLASSIFIED 
PHOTO 52667 

1 

4 

. *  

Fig. 4.1. Failed pipe from ruptured evaporator. 
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They were then polished on microcloth with alumina, 1-v diamond, and Linde 
B, i n  t ha t  order.  Carbon te t rachlor ide served as  the lubricant fo r  a l l  

grinding and polishing operations. Specimens were then swab-etched with a 

c 

. - - f e r r i c  chloride solut ion and rinsed with carbon te t rachlor ide.  

The normal s t ructure  of the pipe away from the areas of f racture  i s  
shown i n  Fig. 4.2a. 

seen i n  some of the grains and can be considered typ ica l  of s t a in l e s s  

s t e e l .  The wavy s t r i a t e d  background s t ructure ,  which appears i n  t h i s  

photomicrograph f a i n t l y  and i s  seen t o  varying degree i n  the remaining 

photomicrographs, i s  p a r a l l e l  t o  the direct ion of working. Coring-type 

segregation occurs during cast ing of the s t a in l e s s  s t ee l ,  which produces 

var ia t ions i n  composition on a microscale. These regions of segregation 

are  elongated during fabricat ion and are  shown as a r e su l t  of s ta ining 

during etching. 

The s t ructure  i s  equiaxed, w i t h  annealing twins being 

The s t ructure  i n  Area 1 (Fig.  4.1) i s  shown i n  Fig. 4.2b. The grains 
appear equiaxed with no evidence of p l a s t i c  s t r a i n  i n  t h i s  area. The 

s t ructure  i n  Area 2 (Fig.  4.1), seen i n  Fig. 4.2c, on the other  hand shows 

def in i te  grain d i s to r t ion  and numerous f ine  mechanical twins. A s  one moves 

away from the immediate f racture  area (Fig.  4.2d), the grain d i s to r t ion  i s  
no longer evident, although mechanical twinning i s  s t i l l  qui te  pronounced. 

- .  

., 

On the basis of these observations, it can be concluded t h a t  p l a s t i c  

deformation at the one side of the pipe preceded f a i lu re .  Furthermore, it 
appears t h a t  once f a i lu re  occurred i n  t h i s  area, the crack t h a t  resulted 

propagated rapidly through the remaining material  without f'urther p l a s t i c  

deformation. 

4.3.2 Conclusions 
1. The explosion occurred i n  the  bottom of vapor separator P-2 o r  i n  

The way i n  which the  baf f le  t h a t  w a s  the  w a r m  l e g  of the evaporator loop. 

i n  the vapor separator w a s  deformed indicates  t h a t  the force came from 

beneath it (Fig. 4.3). 
2. The peak explosion pressure was probably i n  excess of 1100 p s i  

since t h a t  i s  the estimated rupture pressure of vapor separator P-2. 

3. The r a t e  of pressure r i s e  w a s  such t h a t  the vapor ou t l e t  from the 
top  of s t r ippe r  P-5 could not handle the gases generated. Further, the  

pressure increased su f f i c i en t ly  f a s t  i n  P-2 t o  rupture it before the pres- 
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Fig. 4.3. Baf f le  from vapor separator P-2.  



sure could increase i n  the P-5 s t r ippe r  t o  v i s ib ly  d i s t o r t  it. - 4. Since the elbows i n  the piping t o  and f romthe  vapor separator . -  
P-2 are not cracked, o r  even v i s ib ly  dis tor ted,  it i s  unlikely that a 
shock wave t raveled through the l i nes .  This opinion appears t o  be sup- 

ported by the f ac t  t h a t  the  bo l t s  i n  the piping flange below heat ex- 
changer P-7 are v i s ib ly  elongated on one side,  such as might occur from 

a piping reaction produced by the explosion instead of from a shock wave. 

5 .  There w a s  no shock wave i n  the warm l e g  of the  convection loop. 

Metallographic examination of specimens cut from the f a i l e d  pipe (Fig. 

4.1) which connected the convection loop heat exchanger t o  the vapor 

separator indicates  t h a t  p l a s t i c  deformation on one side of the pipe 

preceded f a i lu re .  

. .  

1 
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The object ives  of t he  2rogram Tor cleanup and Cteeontaminakion were 

(1) immediate containment of the  rad ioac t iv i ty  t o  prevent i t s  spreading 

t o  other  Laboratory areas o r  from the Laboratory, (2)  decontamination of 

areas o r  buildings that  were s l i g h t l y  contaminated and could e a s i l y  be 

made avai lable  f o r  service,  (3) decontamination of s t r e e t s  and ex te r io r  

surfaces of buildings, and (4) decontamination of t he  Graphite Reactor 

Building ( 3001) and the  Radiochemical Processing P i l o t  Plant Bullding 

( 3oEo 
An extensive program of checking Labomtory arcas and 'personnel was 

car r ied  out f o r  about 3 weeks afteel- t he  a c t i v i t y  re lease.  Occasionally 

people w e r e  found t o  have contanina-ted shoes, and building areas were 
sometimes. found t o  be s l i g h t l y  contaminated, but; these occurrences were 

not w e l l  documented. 

no longer discovered i n  the ORNL area, indicat ing tha t  the rad ioac t iv i ty  

had been completely contained I 

5.1 Emergency Measures 

The checking w a s  maintained u n t i l  cx a c t i v i t y  w a s  

> -  

Containment of t he  rad ioac t iv i ty  was the  f irst  consideration. A 
gross washdown of the  area was not attempted: first,  because cantaminn- 

Lion m i g h t ;  be washed in to  crevices where 12; would be inaccessible f o r  

cleanup but would be present 8s a, contributor t o  high a i r - ac t iv i ty  levels ;  
and secona, because the  amount o f  water t h a t  could be held i n  the  waste 

storage basins was l imited.  It was decided t o  f ix  the  a c t i v i t y  until it 
could be removed i n  an order ly  way a t  some 1-ater time, Badly contaminated 

roads and -the roof o f  Uldg. 3025 were resurfaced with emulsified asphalt  

and gravel.  Paint was sprayed on the  roof and north wall of B l Q .  3022, 

the  south w a l l  of 3019, the  general a rea  inside the 301.9 secur i ty  €ence 

( including a l l  equipment and material), 'barrels and miscellaneous material  

on t h e  norkh s ide of 3019, the  complete ex te r io r  of the 3019 sheet n e t a l  
penthouse, the sidewalk on the  no-rth s i d e  o f  3023, and grass on the north 

s i d e  of 3022 and 3025 a n d  on the  south and east s ides  of 3001. The in- 
7 .  t e r i o r s  of Bldgs. 3022, 3025, 3042, 3010, 3012, a n d  3044 were cleaned as 

neeaed t o  make them ready for  occupancy by Mov. 23, 1959. 
A s  a precaution against  the p o s s i b i l i t y  t h a t ,  i n  the haste o f  cleanup, 

some a con%amination had been overlooked, B l d g s .  2074, 3022, 3025, 3005sand 



3042 and the  ana ly t ica l  chemistry laboratory i n  B ldg .  3019 were designated 

controlled areas.  No food w a s  allowed i n  these buildings; people using 

these buildings were ins t ruc ted  t o  wash t l i c i r  hands carefli1.l.y and have 

them checked f o r  rad ioac t iv i ty  ’oefore eat ing and t o  make frequent chccks 

f o r  radioact ivi ty  on t h e i r  hands and feet. 
S l Q .  301.9, Sldg. 3001, m d  the  road south of these buildings were desig- 
nated exclusion areas; only persoranel ac t ive ly  engaged i n  cleanup opera- 

t i ons  were permitted there .  

The p i l o t  plant port ion of 

Except f o r  these two buildings a i d  t h i s  sect ion of roadway, 311 

La’noratory areas  were back i n  service by Nov. 23. 

5.2 Decontamination of Outdoor .--- Areas 

The ex te r io r  surfaces of the  buildings i n  the area t h a t  w a s  contam- 

inated (Fig.  3.6) and the  surfaces of the  roads and ground-s i n  the v ic in i ty  
of Bl.dg. 3019 were given some s o r t  of specialized. trzatiiient, as indicated 

below. No pretreatiiient w a s  given t o  m y  o f  t he  surfaces, and no ex te r io r  

surfaces were washed before painting. 

5.2.1 Building -.- 3019 (Radiochemical -___ Processing P i lo t  P lan t )  

The secur i ty  fence south of B l d g ,  301.9 enclosed a temporary thorium- 

storage area containing a s t a in l e s s  s t e e l  tank, a welding machine, a sheet 

metal----enclosed. area containing three  s t a in l e s s  s t e e l  thorium p~od71.ct decay 
tanks and a source and special  materials vault ,  a dump truck, an acid trans- 
fer  tmck,and some s t a in l e s s  s t e e l  pipes i n  addi t ion .to the pe-manent thorim- 
storage p i t  vhich contains three s t a in l e s s  steel  tanks. A l l  exposed surfaces 

o f  this equipment and material. were painted between Nov. 2 1  and Nov. 23 to 
f ix  the contaminat ion. 

T.,ater, everything except the tanks i n  the permanent storage pi.% was re- 
moved t o  the burial ground t o  await decision an its f i n a l  d.isposition. 

securi ty  fence w a s  assumed t o  be contaminated and w a s  removed. 

above the  processing f a c i l i t y  ( Sncluding the  penthouse and sampling gakbe-ry) 

was covered with t a r  and chips t o  a depth o f  up t o  2 in .  The aluminum siding 

on the sampling ga l le ry  and penthouse was painted the o r ig ina l  color, aad all 

duct work between the  build.ing and the  3019 stack w a s  painted. The south side 

of t he  building below the sampling ga l le ry  was painted white. Later the  white 

paint  was removed with paint  remover a d .  t h e  wall repainted. 

The 

The roof 
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5.2.2 
The roof and north w a l l  were sprayed with green enamel pa in t  during 

Building 3022 (Engineering and Mech'mical) 

the  o r ig ina l  campaign to f i x  the Q: a c t i v i t y .  Eince then, two coats of 

aluminum paint  have been applied t o  the  roof, and the  north and west s ides  

of the building have been painted t o  match the  o r ig ina l  color.  Fourteen 
a i r  conditioners were removed from windaws on the north side and an a i r  

supply duck from the south s i &  WiZS i n s t a l l ed .  

1 

5.2.3 
The roof was sprayed with tar  and chips and then painted, and a 

cooling tower -md some duct work on top of t he  building were painted. The 

north w t z l l  (ordinary wed br ick)  was wiped w i t h  detergent and water and 

sealed with two coats of inason-cy seal ing compound. 

Building 3025 (Sol id  S ta t e  Physics) 

5.2.4 Building 3001 (Graphite Reactor) 

The Bldg. 3 O O l  roof was coated with aluminum-fiber roofing compound 

t o  3 m a x i m u m  depth of O,25 i n .  All four external. w a l l s  of the  building 
- .  were repainted the o r ig ina l  aluminum color.  

5.2.5 Building 3005 (Low In t ens i ty  Test Reactor) 

The BLdg. 3005 roof on the  e a s t  and west wings was coated with aluminum- 

f i b e r  roofing compound i n  the same way as Bldg. 3001. The e n t i r e  building 

was ?*epalntecl the  o r ig ina l  color.  

5 "2 "6 Build.ings 3003 (Fan House), 3004 (Demineralized Water P lan t ) ,  

and 3008 (Source and Special  Materials Vault) 

These buildings were completely repalnted. 

5.2 e 7 Roads an& Grounds 

The surface of Hi l l s ide  Avenue between Third S t r ee t  and B l d g .  3042 
--- 

(approximately 645 l i n e a r  f e e t )  

w a s  removed t o  a depth of  1 f t  and replaced with grcvel ,  The paved area 

between B l d g s .  3001 and 3042 w a s  t r ea t ed  s imilar ly .  

operations were completed, these areas were paved. The roadway north of 

Bldg. 3019 and south of Bldg. 2O7it w a s  covered with emulsified asphalt  and 
gravel .  Ground was removed i n  the  a rea  enclosed by B l d g s .  301.9, 3022, 3025, 

3001, and 3042. 
grinding machine. 

which had been covered with t a r  a n d  chips, 

When the ouLdoor cleanup 

, 

Various concrete pads were ground with a terrazzo f loor  



5.3 Decontamination of the  Graphite Reac-Lor Building 

The OHNZ Graphite Reactor w a s  not i n  operation , f rom Nov. 20 -through 
Dec. 22, 1959. Every laboratory am3 work area i n  .the building w a s  con- 

t8mi.nated w i . t h  plutonium d r a m  in to  and tb.rough the  building by the  

vent i la t ion  sys.Lern. About I1,OOO man-hours was required t o  va.cuum clean, 
wash, and survey the buil.d.i.ng The d.econtamina.ti.on specifica-tions (Sect. 

5.4.2) for the  Radiochemical Pilot Plant were a l s o  used for the  cleanup 
of the Graphite Reactor 'ouilding. 

5 .4 Decontamination of the  Radiochemical Processing P i l o t  Plant 

All Chemical Technology Divisioli areas of the  Pilot Plant (Lhe east 
port ion of Bldg. 303.9) ww*e contaminated by plutoniwn. as a resull; of the 
evaporator e q l o s i o n .  Access to these weas was limited t o  cleanup crzws; 

a l l  other personnel normally assigned t o  this mea were relocated i n  

other ORNL bu.i 7.dings 9 
Offices and control  room weas were f i rs t  to be decontarninatcd r a d  

were reoccupied on Jan. 14, 1-960. Decontamination of processing ce l l s  1-5 
and the  rrmJs.eup mea, sampling gallery, pi-pe tunnel, and penthouse area was 

started j u s t  p r io r  t o  the  end of o f f i ce  decontamimtlon, but  cleanup of 

processing cells 6 ana 7 was  delayed 8 months u n t i l  h u i l d f x  modifications 

could be mad-e t o  provide for  improved conTt;aimien-t of r ad iosc t iv i  Ly . 

Highly radioact ive rm, t e r i a l s  have been processed In Bldg, 30.19 since 

1943 (Appendix R ) .  
become contaminated on mny occa,wions. Until recently,  the  only useful  

nmms Tor monitoring ci co:atamjnatlion was t o  "smear" suspected areas w i t h  

fil'cer paper swipes and monitor these swipes i n  a laborztory a counter. 

Reliable an11 sens i t ive  portable 0: survey meters did not e x i s t  during the  

first. 10 t o  l 5  years of  operation of t h i s  f a c i l i t y ,  and a ac%i.vl.ty tht 
was etched i n t o  various surfaces or t h a t  found i ts  way in to  cracks and 
crevices remained undetected. Also ,  it w a s  f a i r l y  c~irfl~nan prac t ice  i n  

earlier years t o  cover moderate a contmiination wi th  paint or eoncre'ie if 
i 'c could not be cleaned up convenien-bly by washing. Although a large 

quantity o f  rad loac t iv i ty  was spread- by the evaFora.tor explosion, the 
d i f f i c u l t y  encountered i n  decontamiiiating Rldg 3019 w a s  compounded by 

The px-ocessing cells and adjacent operating meas have 
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contamination tha t  had been spread and then covered during previous pro- 

. grams. In m a n y  instances the removal of paint,  conerebe, o r  metal surfaces, 

which almost cer ta in ly  removed the contamination resul t ing from the  explosion, 

uncovered contamination that had been deposited long ago and it w a s  not un- 

usual t ha t  contamination levels increased inatead. of decreasing. 

5.4.2 Decontamination Specifications I_ 

Building areas were decont,.urninated t o  noneontamination zone a ac t iv i ty  

specif icat ions,  or, i f  cleaning to these specif icat ions w a s  not feasible ,  
areas were deeonttuninat;ec.. only t o  within 10 1 ; i n l ~ s  these specif icat ions and 

the surfaces were c a l o r  coded w i t h  orange enamel and then covered with 

e i t h e r  paint  or concrete. The specif icat ions were: 

, .  

Direct Reading Transferable 

M a x .  300 d/m/SOO cm2 30 (:z/m/lao can:! 
2 53 d/m/lOQ cm 2 Avg :* 530 a/m/lo0 err! 

++The number of samples considered i n  fieriving 
an average shal.1 include at l e a s t  10 smples 
and there  sha l l  be at Least one sample f r o m  
each square meter of the pi-oJeeted surface 
area.  

Areas t h a t  could not be made t o  meet noneantamination zone specifi-  

cations 8re cal led "controlled zones" andj i n  such areas, when the orange 

paint  shows, the surface w i l l  have to be re inted,  Most of these w e r e  
"conternination zones" before the plutonium release ;and are normally more 
s t r i c t l y  controlled than required because of thc sealed-in radioact ivi ty .  

For this reason, r e s t r i c t ions  associated with the "controlled zane I'  

designat ion are not troublesome 

During all phases of  decontamination frequent smearing tind pro5ixig 

were required t o  evaluate the deconta nination methods used and t o  indicate 

progress? par t icu lar ly  during the later stages when it w a s  desirable t o  
concentrate only on the "hot" areas. Complete :;urt.ey of an area requires 

one smear and four probes, with a gas f l o w  a meter, per square meter of 
pro jecteed surface.  Usually, hovever, the su-meys were Iriore thorough than 





The most d i f f i c u l t  par t  of  the deeontaaiination procedure w a s  the re- 

moval. of  nontransferable contarniaatioa, >800,000 d/ni/I.00 sq ciil i n  some 

places, that had become fixed t o  concrete, metal , and paI.ntei?. surfaces. 

The use of chemical reagents, such as d i l u t e  hydrochloric acid on concrete 

and d i lu t e  n i t r i c  acid on s t a in l e s s  s t e e l ,  removed this fixed. activi-ty in 

some cases. However, i t  was genei-a1-J-y necessary to meclzaj?.i-cally remove 

a layer  of the contarnj.nnted surface before it would meet t he  contamination 

tolerance l i m i t s .  Rela-Lively smooth concrete f loors  such as exis ted i n  

the  control room were g:~oixnd with terrazzo f1oo-r. grinding inschines t o  :re- 

move a layer  of concrete approximately 1/16 i n .  th ick  and the remaining 
"ho-t " :;pots were chipped out. I n  areas where -LIE concrete f loors  were 

pitted, as i n  the makeup area, it was necessary t o  chip out almost the 

e n t i r e  f l o o r  and pour a new one. Pa?-nted surfaces were decontmi.izated. by 

removing successive layers  o f  paint,  i n  many cases dovli. t o  bare metal, until 

acceptable containination l eve l s  v e r e  reached. Unpainted stainl.ess steel. 

surfaces were p a r t i a l l y  decontaminated wjth d i lu t e  n i t r i c  acid and  the^^. scrubbed. 

with steel. wool. Unpainted metal surfaces other than stainless s t e e l  v e x  par- 

'cicul.arl..y hard to decontaminate; and had t o  be sanded 2nd ground almost .to a 

polish befor=e specif icat ions were met. In many cases i t  W-FAF-. Less e q e m i v e  

t o  cut out  sections o f  contaminated piping and replace ~ ~ 3 i t h  nrv Inaterial. The 

decontamination treatments zpplied t o  various types of surfaces a re  surt~na15zed 

i n  Table 5.1. 

- 

5.4.4 Decontamination of Speci.fi.c .̂._ Areas -- 
Decontamination of  the penthouse, cold solution mnkeup area, and pipe 

tunnel a m  discussed below t o  i l lus-tra ' ie the variety of  problems cncountered 

during building cleanup e 
a. Penthouse. The most heavily contaminated bui ld ing  a.rea outside the 

processing c e l l s  w a s  the pe-athouse, 8.n enclosure 1.65 f t  long ,  30 ft wide, 

and. 30 f-1; from f loo r  to cel.l..i.ng, constructed. of &-type insulated metal panels 

and located on top o f  t he  c e l l s .  Here a re  located a bridge crane f o r  mov:i.ng 
equipment in to  and out o f  the  c e l l s ,  i . n s t m e n t  t ransmit ters  moimted. on special  

racks, miscellaneous p'ieces of process equipment which are e i t h e r  nonradio- 

act ive o r  a re  i n  shielded cubicles, m d  a large amount o.P i n s t m e n i ;  tubing, 
process piptng, and pipi.ng fo r  water, s t e m  , and a i r  services.  Figure 5.1 i.s 

an over-all  view of the penthouse sho-wing the  coi~pplex surfaces t h a t  had t o  'oc 
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Tab1.e 5 .l. Summary of  Liecorr-Lamination Treatments for Various Surfaces --.- *-_l_-ll_ 

c 

Clearnup 
Primary Rate, Other 

Character of Uecontamiiiation sq ft/ Decontamination 
SUXTELW Contaminat ion Treatment m a n - h u  T re at me r i  1; 

Al.1. 
(wallss 
fl.OOX-, 
ce i l ing)  

Pa in% e d 
met .xl 
(walls 
<ma- 
C C ? i l i W )  

Trans ferable Scmbbed with 27 
detergent and 
water and briish 
or sponge 

Fixed 

Concrete Fixed 
( floor) 

Bare 
metal 
( other 
than 
s .  s;.> 

Fixed. 

Fixed 

Fixed 

Paint removed 4. 
w i t h  paint  re- 
mover m d  scra- 

face scrubbed 
w i t h  soap and 
W Z L t e Y  

pers, and sur- 

G I Q L ~ ~  with 5 
terrazzo floor 
gvind.ing rnachine 

Iiinsea with - 
diluke n i t r i c  
acid and. scrubbed 
v i th  s t e e l  wool 

Dusty areas 
vacui-med 

Guter layer of 
paint removed. 
with sandpaper 

Abraded w i t h  emery - 
pqper or ground. 
t o  remove pits 

.a 

‘Qat spots 
chipped out and 
ver t i ca l  sur- 
faces washed with 
d i lu t e  hydrochlo- .. 
rie acid 

SurTaces Sbz-aded. 
with emery paper 

B .  

Rinsed wi’th 
d i L u Z e  nii; rix 
acid 

Fixe tl Washed w-i th  - I 

“GU&, si  B Corn- 
unercial solvent 
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decontaminated. The penthouse, especial ly  the ce i l ing  (Fig.  5.2) was the 

most d i f f i c u l t  par t  of the building t o  decontaminate, and about ha l f  of 4. 

the  t o t a l  building cleanup e f f o r t  w a s  expended there .  

become fixed i n  the paint,  probably during previous programs. After a 
number of decontamination methods were t r i e d  ( scrubbing with detergent and 

water, scraping of f  loose paint ,  applying a s t r ippable  p l a s t i c  coating and 

then s t r ipping it o f f ,  and sanding e i t h e r  by hand o r  w i t h  mechanical 

sanders), the  method selected was t o  remove almost a l l  the paint with 
paint remover and scrapers and then scrub w i t h  detergent and water. Some 

I beams on the  crane supports were removed t o  a remote decontamination 

area where they were decontaminated by grinding t o  a polish.  However, 
t h i s  method could not be used i n  the penthouse because of the danger t o  

personnel of handling portable grinding machines while they were wearing 

bulky protective clothing, sl ippery p l a s t i c  shoe covers, and vision- 

l imi t ing  masks and because of the tendency of grinding operations t o  spread 

the contamination by dispersing it i n  the air .  

Alpha a c t i v i t y  had 
a 

Three o r  four men per s h i f t  worked three 8-hr shif ts  per day for 

about two weeks t o  decontaminate the instrument t ransmit ters  (Fig. 5.3). 
Because of the  materials of construction, copper and m i l d  s t ee l ,  no acid 

could be used and the t ransmit ters  were decontaminated by scrubbing with 

detergent and water. The en t i r e  racks were wrapped i n  p l a s t i c  sheets 
(upper l e f t  par t  of Fig. 5.1) t o  decrease the poss ib i l i t y  of recontamina- 

t i o n  resu l t ing  from cleanup i n  other  penthouse areas.  

The concrete f l o o r  of the  penthouse w a s  unsuccessfully scrubbed with 
detergent and water and with d i lu t e  acid.  It w a s  necessary t o  remove 

about 1/8 in .  of concrete w i t h  a rotary s c a r i f i e r  and then chip out "hot 

spots" before the contamination was decreased t o  the point that  seal ing 

i n  the remaining a c t i v i t y  w i t h  a 2-in. layer  of concrete w a s  acceptable. 
b . Cold Solution Makeup Area. T h i s  area (Fig. 5.4) presented two 

special  problems, a concrete f loor  badly p i t t e d  from acid s p i l l s  and 

heavy t r a f f i c ,  and m i l d  s t e e l  pipes fo r  plant  services ( a i r ,  water, and 
steam). 

cei l ing,  the tank support legs  were cut of f ,  and the concrete f loor  w a s  
chipped out w i t h  jack-hammers. 

s t e e l  f loor  l i n e r  w a s  i n s t a l l ed  before the  tanks and pumps were again in- 

After the pumps were removed, the tanks were suspended from the 

A new f loor  w a s  poured and a s t a in l e s s  

* 





i 

Fig. 5.3. Power reactor fuels processing pilot plant first cycle 
instrument transmitter rack. 

8 
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s t a l l ed .  Figure 5.5 shows t h i s  area during in s t a l l a t ion  of the new 

f loor .  
Many of the m i l d  s t e e l  pipes could be decontaminated only by grind- 

ing t o  a polish and it w a s  usually cheaper t o  remove these pipes and 

i n s t a l l  new ones. 

c. Pipe Tunnel. The pipe tunnel (Fig.  5.6) i s  located below the 

makeup area and adjacent t o  the processing c e l l s .  The surface of the 

pumps and pulser  drive uni t s  were coated w i t h  contaminated grease and 

o i l ,  which w a s  removed with a commercial solvent cal led "Gunk." 

5.4.5 Equipment Flushing 
Because the material  balance fo r  the  27 kg of plutonium processed 

during the plutonium 240 programs w a s  minus 4,570 f 3,250 g, the solu- 

t ions  used t o  f lush process equipment were poisoned with e i t h e r  boric 

acid o r  sodium borste,  and cyl indrical  plugs were inser ted i n  sumps i n  

c e l l s  6 and 7 as a precaution against c r i t i c a l i t y .  
The ruptured evaporator w a s  flushed i n  April, 1960. It w a s  ex- 

pected t h a t  l i t t l e  plutonium would be found i n  t h i s  equipment since it 
had been t r ea t ed  with large amounts of a var ie ty  of solutions during the 

decontamination program. 

solution yielded 9 g of plutonium. 
acid solution containing 0.1 M - boric acid and 0.01 M - fluoride yielded 

about 100 g of plutonium. Flushing of c e l l  equipment w a s  discontinued 
pending improvement of building containment capabi l i ty .  

Two 500-li ter flushes with 0.1 M - boric acid 

A f lush w i t h  500 l i t e r s  of 6 M - n i t r i c  

Ins t a l l a t ion  of  su i tab le  containment and improvements t o  the vessel  

off-gas system were completed i n  August, 1960, and flushing of process 

equipment was resumed. 
and 0.04 M - boron w a s  used f o r  a l l  flushing a f t e r  August. 

O f  about 1100 g of plutonium flushed from the process equipment, 

A solution of 2 M - n i t r i c  acid, 0.02 M - fluoride,  

only 10 g w a s  found i n  equipment t ha t  i s  not a par t  of the ruptured 

evaporator. About TOO g was flushed from the steam s t r ipper ,  P-5, and about 
400 g w a s  flushed from the product catch tank, P-3. Catch tank P-3 had held 

- .  
-_ 

. "  

the Turco 4501 solution drained from the evaporator j u s t  before the explo- 
sion. This solution had been sampled and found t o  contain about 20 g of 

plutonium. 
tank was flushed with water (containing sodium borate),  which was also 

The Turco Decon 4501 solution w a s  t ransferred t o  waste, and the  
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t ransferred t o  waste. Subsequent flushing with 2 M - n i t r i c  acid, 0.02 M - 
r. . fluoride,  and 0.04 M boron resul ted i n  the recovery of the 400 g of - 

plutonium. _ -  
Two s t r i p  column-evaporator combinations were operated i n  p a r a l l e l  

during most of 1959. After the  plutonium-240 programs, during a short  

processing campaign which used only the evaporator not involved i n  the 

explosion, the plutonium material  balance showed a gain of 170 g. This 

other evaporator w a s  decontaminated and repaired p r i o r  t o  the explosion 

but no plutonium was found. Only 3 g w a s  flushed from t h i s  evaporator 

during the  August equipment f lush.  

.a 

A t  present, there  i s  no explanation of why plutonium collected pref- 

e r en t i a l ly  i n  steam s t r ippe r  P-5 during the plutonium-240 processing 

campaign. 

5.4.6 Decontamination of Surfaces i n  Cel ls  6 and 7 
Cleanup of c e l l s  6 and 7 w a s  s t a r t ed  a f t e r  in te rna l  flushing of proc- 

e s s  equipment was completed. An enclosure made of plywood and transparent 

p l a s t i c  w a s  f i t t e d  in to  the c e l l  6 doorway (which now opens in to  a second- 
ary containment area) on the  metal grat ing over tanks P-3 and P-4. 
of the  c e l l  area can be observed from t h i s  enclosure. Thus guessing 

about the  condition of the c e l l  has been eliminated and planning of  cleanup 
operations has been simplified.  The c e l l  surfaces i n  the  v i c in i ty  of the 

ruptured evaporator were washed by use of a hose which was directed at the  

surfaces by an operator who held the hose nozzle through gloves connected 

t o  the  observation enclosure. 

. .  
e 

, Most 

When the observation enclosure w a s  f irst  in s t a l l ed  the in tens i ty  of 
penetrating radiat ion a t  the front  of the  enclosure ( f a r thes t  in to  the 

c e l l )  w a s  400 mr/hr. 

decrease t o  200 mr/hr. 

The hosing operation caused t h i s  radiat ion l eve l  t o  

Personnel entered the  c e l l  and cleaned the debris from i n  front of 

the evaporator subcell .  Concrete blocks, lead bricks, and sand (from the 

chipped concrete blocks) were put in to  55-gallon drums which were removed 
from the c e l l  and buried. 

The l eve l  of penetrating radiat ion i n  the  observation enclosure de- 
1 creased t o  80 mr/hr. 

the background t o  60 mr/hr. 

More washing from the  observation enclosure reduced 
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Personnel again entered the  c e l l  and washed down the  surfaces which 

could not be washed from the observation enclosure. 

The l eve l  of penetrating radiat ion i n  the  enclosure on Nov. 10, 1960, 
w a s  60 mr/hr and the  l eve l s  o f  penetrating radiat ion i n  the  c e l l  had been 

reduced t o  the  point t h a t  working time was l imited by the physical endurance 

of personnel working i n  impermeable p l a s t i c  s u i t s .  The general background 

i n  the  c e l l s  was about 50 mr/hr and the  m a x i m  l eve l  found with a hard 

shel led cutie-pie w a s  2 r /hr .  

5.4.7 Results of Decontamination 

Most of Bldg. 3019 i s  probably l e s s  contaminated now than it has been 

a t  any time i n  the  last  10 t o  15 years.  Recent surveys made with a portable 

gas-purged proportional counter were the  most sens i t ive  and thorough surveys 

ever made i n  the  building. Contamination t h a t  could not be removed by 
reasonable means has been bonded i n  place and covered with e i t h e r  paint  o r  

concrete i n  such a way t h a t  a br ight  color w i l l  show before any of the 

bonded-in a c t i v i t y  becomes uncovered. ilecontamination of Room 211 and - -  
processing c e l l s  6 and 7 was not completed a t  the  time of t h i s  report .  

About 3500 man-days of e f f o r t  have been spent on decontamination, not 

including surveys o r  maintenance. 

t o  be c l a s s i f i ed  as a noncontamination zone without appl icat ion of a f ix ing  

agent w a s  the  of f ices .  Table 5.2 shows t h e  r e su l t s  of t he  decontamination 

program. The protect ive clothing requirements l i s t e d  a re  f o r  normal 

operations only. Dr i l l ing  holes in to  surfaces which contain sealed-in 

a c t i v i t y  w i l l  require addi t ional  protect ive clothing, and a var ie ty  of other  

unusual operat ions w i l l  require various amounts of personnel protect ive 

equipment . 

The only area decontaminated su f f i c i en t ly  

6.0 PERSONNEL MONITORING 

No one received more than 2$ of the m a x i m u m  permissible body burden5 of 

any radionuclide o r  more than the  permissible dose from external  sources 
of ionizing radiat ion a t  the t i m e  of the incident o r  during subsequent 

cleanup operations. Analyses of more than 300 urine and feca l  specimens 
and s i x  measurements i n  the  i n  vivo counter (IVRM) were made t o  monitor 
in te rna l  exposure. The ORNL badge-meters, which are  worn at a l l  t i m e s  by 

6 
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Table 5.2. Results of Decontamination Program i n  Compl.eted Areas 
-L_̂IIII------ ____- 

Final  a: Contkmina- 

F i - X i n g  Agen.t -.---.-I. t i o n  ~ 1 0 0  cn? 

Transfer- Nont rais - On TrJa1.Ls Protective 
and Clothing ferable  -.- ab l e  Man- days 

Expended Avg Max Avg Max On Floor Ceiling Required” 
I-- 

A r e  a 

At t i c  59 7 330 -=jOO 3000 3 coats 3 coa-f;s Minimum 
of  paint  of paint  

Offices 73 3 18 - 300 I J O ~ ~  None None 

Room 1-00 20 2 8 128 -300 3000 Ti le  3 coats None 
of palint 

PipC 180 18 228 -300 3000 None 4 coats Maximum 
tunnel o f  pain-t 

Sampling 18 1 15 304 -300 3000 2 i n .  o f  4 coats  Lab coat 
gallery eoncretc o f  paint  and shoe 

CQYe 

Makeup 212 25 254 -300 3000 6 i n .  of 4 coats Lab coat, 
concrete of paint  and shoe 

cove rs 

Penthouse 1.360 Mz~ximum 

a .  Wall 20 250 300 3000 2 i r i .  o f  4 coats 
and concrete o f  paLnt 
f loor  

b. Ceil- 
i n g  

45 500 1100 3000 4 coats 
of  paint; 

Basement 100 20 300 -300 1000 4 coats 4 coats MW~IIIWA 
of  paint  of paint  

%Itnimum = 1. pair of coveral ls ,  shoe covers, and gloves; m a x i m u m  = assault 
mask and 2 pairs each of coveralls,  shoe cov-em, and gloves. 

bXadioactivity i s  all. -uranium-233 a n d  rkughters . 
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a l l  employees and which are rou-Lineljj analyzed every  3 months, were used 

t o  monitor exposure of personiiel to penetraLing radiaLion. In  addition, 

special. f i l m  badges <and elecLroscope dosirnetem were worn by all personnel 
who worked i n  areas suspected of  containing measurable amounts of pene- 

tratiqq radiat ion.  

6.1 kit,ernal. ~xposure  ..--- 
The Applied Heal.th Phys:i.cs Bio-Assay Group analyzed 32’7 urine speci- 

mens from 242 people and 83 feca l  samples from 58 peop1.e: between November 

20 and Rcem’oer 3l ,  1-959. This WIS not many more analyses t,han lnsual for  
t he  Rio-Assay Group, but nearly a l l  were concerned wit,h the p i l o t  plant 

inctidmt,. I n  vivo measurements were made of s ix  people, three of whom, 

because of t h e i r  movements on the  night of’ the  incident, were poten t ia l ly  

exposed t o  high plutonium contamination and. the other  three,  because of  

long h i s t o r i e s  o f  wo:rki~g around plutonium, t o  be sum Lha t  it would be 

permissible f o r  them t o  be act ively involved i n  cleanup ~ n d  decontamina- 

t i on .  
People associated with the  incident i n  m y  way submitted urine spec- 

i m e i r s  inmediate1.y a f t e r  t he  incident,  and those I&O entered t h e  highly 
contaminated areas the  night of the  inci.dent were asked Lo submit fecal. 

samples. Everyone who was ac t ive ly  engaged in cleanup operations sub- 

mitted weekly ur ine specimens, and anyone who became more .tiia,n s l i g h t l y  
contaminated submitted a urine specimen, which w a s  col lected i n  the  &-hr 

period. following h i s  being con’c;;i_rxiinat,ed. If any of the  t e s t  r e su l t s  gave 

cause for concern, the person involved was removed from a l l  contact with 

the  contamination ii.nt5.l it was ascertained t h a t  h i s  inesiming cleamp oper-. 

a t ions  presented no special  hazard t o  him. 

6.2 Exposure .....- from L;‘ f xterna l  SOIJ”:CC~~ 

Exposure of per~-sonnel. t o  external  sources o f  ionizing railiation i s  

monitored by the  ORNL ’r,adgc-me-ter,7 which i s  worn a t  all. times by all. 

Laboratory personnel. Normally, t h i s  badge-meter i s  amlyzed  every 3 
monkhs. Mhen a person works i n  areas howb to contain sources of ioniz- 

ing radiation, he also wears pocket dosimeters that are ma.Lyzed d a i l y  

and R special. f i l m  badge-meter khat i s  analyzed each  week. The special  

fi.1.m badge meter i s  used t o  a i d  i n  the  admlnistrative control of  person- 
nel  exposures. Pocket, dosimeters are used 5nl.y as indicators  o f  
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acclmulated doses. If the  meters go off-scale  (over 200 mrad) o r  i f  the  

t o t a l  of da i ly  readings exceeds ha l f  the  permissible quarter ly  dose, the  

ORNL badge-meter i s  analyzed immediately. 

6 3 Precautions agains-t Overexposure 
The radiat ion control program chirl.ng cleanup and decontaminat ion w a s  

not; l i m i t e d  t o  monitoring the  amount of exposure of personnel. Such expo- 
sure w a s  predicted and l i m i t e d  during the ent i re .  period. 

monitoring techniques were used t o  check the  effect iveness  o f  the  control  

program. 

Pzrsonnel 

Protect ive measures t o  control personnel exposure t o  u: contamination 

vere described i n  Sect .  5.4.3. 
of ionizing radiat ion.  Before anyone entered an. area  he was made aware of 
the in t ens i ty  and- locat ion of any f i e l d s  of  ionizing radiat ion i n  the area 

and w a s  t o l d  how long he would be a.l.l.owed t o  remain i n  the  area. Personnel 

working i n  areas t h a t  contained sources of ionizing radiat ion were required 

t o  per iodical ly  read pocket dosimeters, which they wore i n  addi t ion t o  the  

penci l  dosimeters, special. f i lm badges, and ORNI, badge-meters. 

Areas were continually surveyed fo r  sources 

6.4 Results 

The effect iveness  of the  control measures used i s  i l lus t ra ted .  by the  
exposure record since the  explosion. The  data available show that, no one 

received an overexposure, e i t h e r  i n t e rna l  o r  external .  During the decon- 
twflination program (through June, 1960) t h e  highest 3-month external  ex- 

p o s u ~ e  f o r  any individual was 705 mrem. Three other  people received dosages 
i n  excess o f  600 mrem in a quarter,  and four received dosages between 500 

and 600 mrem; a l l  others  were less than 500 mrem per quarter.  

external  exposures (including the  quarters above) were : one man, 10'70 mrem; 

three men, 900-1000 mrem each; three men from 800 to 900 m r e m ;  and nine men 
-from TOO t o  800 mrem; a l l  t he  rest received l e s s  than TOO mrem t o t a l  i n  

6 months. 

The 6-month 

There were no in te rna l  overexposures. An operator who was exposed the  

night of -the explosion and a lead burner who was exposed during decontami- 
nation received the highest i n t e rna l  exposures: 

a.llowable body burden of  pl-utonium a 

about, 2% of the  m a x i m u m  



7 .O CONPAINMENT OF XAT)IQACTIVE OPERATIONS 

The general philosophy and standards adopted foi? containment, o r  con- 

finement o f  reactors  have been applied t o  a l l  rad.ioactive operations at 
Oak Ridge National Laboratory. Radiochemical p i l o t  plants ,  "hot" labora- 

t o r i e s ,  and experimental setups, as well as ORNL reactors, must be 

designed and operated SO as t o  preclude discharge in to  the  Laboratory 
a rea  and i t s  enviroluncnt of concentrations o r  mcwnts of radioactive 

materials t h a t  would be injur ious t o  heal th  o r  would in t e r f e re  wtth other  
Laboratoq- programs. The maximum credible accident must be contained o r  
confined, and -two l i n e s  o f  defense must be present t o  prevent escape o f  

radioactive maLerials v i a  waste streams. A foimab hazards report  must be 

submitted t o  an appropriate Laboratory review committee2 f o r  operations 

involving more than 1 g of plutonium (or  equivalent o f  other o emit ters)  

o r  more then. 1080 cur ies  of 0 - y  emit ters .  

7 .I. Chemical. Technology Division Contai.iinent, Program 

All Chemi.ca1. Technology Division f a c i l i t i e s  and operations have been 

reviewed t o  determine the maxitnwn credible hoxards  a d  the  extent  of  

modifications tlilat would be required t L ?  provide a degree o f  pro-tection 
consistent, with the  poten t ia l  hazards. I n  general, massive c e l l  shield-ing 

can provide primary c o i i t a i m n t  tha t  i s  capabLe of maintaining i t s  In.tegrity 

through any credible incident,  and the  circumscribing build-ing s t ructure  can 

serve as the secondary l i n e  of containmeiit capable of closure fo r  evacuation, 

on emergency siLmal, t o  a pressure below atmospheric e The provision o f  

adequate scrubbing mid. f i l t e r  systems on off-gas l i n e s  and. the  necessary s m -  

pled hold ta&s o r  monitored divemion 'boxes i n  l i qu id  vaste disposal. systems 
m u s t  be such t h a t  inadvertent escape t o  the environment through these pene- 

t r a t i o n s  would. require a m i n i m  or' two coincidental  and unrelated f a i lu re s  

'[.I .1 Primary Containment 

'The massive shielding 1-equired fo r  attenziation of penetrating radia- 

t i ons  In  most Chemical Technology Division radiochemical operations i s  su i t -  

able for  a primary containment she l l .  The physical strenbgb of the  coacrete, 

iron, o r  head shielding may be r e l i ed  on to  withstand the pressure of chemi- 
* .  

ca l  decompositions. 

by use of d a m  organic vapor detection instrumentation and manually operated 
water spray systems. 

Vio1entJ.y energetic air-organie ewlosions can be pmvented 



The degree of leak  t igh tness  of  t he  primmy containment s h e l l  depends 

on tile time-pressure in t eg ra l  a f t e r  an incident.  This in tegra l ,  i n  turn,  

i s  a function o f  t he  r a t e  of explosion suppression and normal ven t i l a t ion  

exhaust capacity f o r  t he  c e l l .  Computations based on pessimist ic  assump- 

t i o n s  have suggested the  following c r i t e r i a  f o r  t he  primary containment 

s h e l l :  

1. Negative pressure i n  c e l l :  1 i n .  water 
2. Ventilation exhaust capacity: o .I cell volume/min 

3. 
4. 

Capabili ty o f  withstanding in t e rna l  shock pressure of' 900 lb / sq  ft 

Ventilation i n l e t  t o  be closed on emergency s igna l  and vent i la t ion  

exhaust provided w i t h  absolute f i l t e r s  
-2 5. Inleakage: 10 c e l l  volwne/min at 2 in .  w a t e r  d i f f e r e n t i a l  

pre s sure 
Penetrated faces o f  primary enclosure surrounded by a second-ary 

containment s h e l l  .) 
6. 

'7.1.2 Secondary Containment 

The secondary containment i s  intended t o  ensure t h a t  any air-borne 
-1- . .  

rad ioac t iv i ty  tha t  might escape from the  primary containment w i l l  not be 

dispersed to the  environment, It i s  probable t h a t  some leaks w i l l  ex i s t  

o r  develop i n  the building, since it i s  economically and operat ional ly  

impossible t o  provide an absolutely leak-t ight  s t ruc ture .  Air-borne 

radioactive materials could. flow i n to  the  l ee  vacuuni induced by a strong 
wind. This eventual i ty  could be prevented by providing f o r  reduction of 

building a i r  pressure t o  approximately 0.3 in .  w a t e r  below atmospheric 

promptly on emergency s igna l .  

r 

Necessary openings i n  the  secondary enclosure such as access doors 

must be through air  locks.  

7.1.3 - O f f - G , z s  Disposal 
Under the  revised containment polixy, f ive  types of  off-gas, other  

than buildinG vent i la t ion,  are  recognized. These are ,  i n  order  of in-  

creasing potential. a c t i v i t y  conLent, secondary containment a rea  vent i la -  

t i o n  exhaust, laboratory hood off-gases, cell o r  primary containment area 
off-gas (COG) ,  vessel  off-gas (VOG), and dissolver  off-gas (DOG). bring 

emergencies t h e  exhaust vent i la t ion  air  from secondary containment areas 
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must be passed through s ingle  roughing and absolute f i l ters o r  d i r ec t ly  

in to  primai-y containment areas .  The other  four types of off-gases should 

be t r ea t ed  on a continuous basis, i. e. ,  during nomial as well  a5 emergency 
operat ion. 

- 

Hood off-gases and prima-Sy contairment ( c e l l )  off-gas w i l l  be f i l t e r e d  
through roughing and absolate f i l t e r s  and then discharged t o  the  environ- 

ment through a plant s-Lack. C e l l  off-gas from the Vo la t i l i t y  Pi lol ;  Plant 
w i l l ,  i n  addition, be provid.ed with a caust ic  scrubber t o  protect the  

f i l t e r s  i n  the event of a f luorine or hydrogen fLuoride leak from the  
process equipment 

Dissol-ver and vessel. off-gases w i l l  be caustic-scrubbed t o  remove 
iodine and corrosive gases such as nitrogen dioxide and then f i l t e r e d  
through roughing and absolute f i l t e r s  at the  off-gas source. T'ney w i l l  

then be routed t o  the  3039 stack, where they w i l l .  be rescrubbed. and re- 

f i l t e r e d  before discharge. A si lver-coated copper mesh iodine absorption 

un i t  w i l l  a l so  be provided. at the  3039 stack f o r  rfurther iodine removal 

when required e Dissolver off-gases w i l l  be col lected s e p a r a k l y  and 
treated. Ri-rther at the  source when appropriate; equipment will. be pro- 

vided f o r  safe  burning of  hydrogen and decomposition of ammonia gas 

produced i n  Sulfex and Zi r f lex  decladding operations, respectively, and 

fo r  removal. o f  excessive qimnti t ies  of krypton and.  xmon. 

Cell ,  vessel ,  and dissolver  off-gas w i l l  be monitored a t  the f i n a l  

discharge point;  an alarrn set t o  s ignal  re lease of off-gas a t  eoncenira- 

t i ons  i n  excess of 16 MPC w i l l  be provided.. 

7.2 Building 3019 Containment 
A t  -the t i m e  of the explosion o f  .the intercycle  evaporator, Bldg, 3019 

was not capabl-e of containing a minor chemical explosion without release 

of radioactive contamination from the  building. From t h e  t i m e  t h i s  build- 

ing was firs.L b u i l t  i n  1943 u n t i l  the evaporator explod-ed, controlled air  

flow from the  occupied o r  low-activity areas through unoccupied. high- 

a c t i v i t y  areas t o  an off-gas treatment f a c i l i t y  and discharge s-Lack was 
t he  only means used Lo l i m i t  the  spread of air-borne ac t iv i ty .  There 

have been ins-tances when air-borne a c t i v i t y  leve ls  i n  the building have 

been above tolerance f o r  s h o d  times, but these instances were o f  l i t t l e  
consequence and changes i n  opera-ut i r a g  procedures were su f f i c i en t  t o  pre- 
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vent recurrence. As p lan ts  became l a rge r  o r  more complicated and as 

rad ioac t iv i ty  l eve l s  increased, t he  o f f  -gas system w a s  modified, but 

t he  use of controlled a i r  flow for air-borne a c t i v i t y  control  w a s  re- 
ta ined.  Figure 'I.1 shows the  general a i r  flow pa t te rn  as it existed 
ju s t  p r i o r  t o  the explosion. 

The appl icat ion or the  new containment c r i t e r i a  t o  B l d g .  3013 has 

shown the  need f o r  s t ruc tu ra l  changes t o  the building, modifications t o  

the  off-gas and vent i la t ion  systems (including improved instrumentation), 
and aadi t ional  equipment f o r  f i re  and explosion protection. Proposed 

modifications are described below. 

7.2.1 ?reposed St ruc tura l  Modifications 

P r i o r  t o  c e l l  cleanup operations a concrete blocK w a l l  was i n s t a l l e d  

under the sampling ga l le ry  p a r a l l e l  t o  the  c e l l s .  This wall w i l l  become 

a pa r t  of the  building secondary containment s t ruc ture .  The Bldg .  301.3 
c e l l  s t ruc ture  and building superstructure w i l l  be renovated t o  guarantee 
the degree of leak t igh tness  s t ipu la ted  under the  new containment c r i l e r i a .  

Metal s iding w i l l  be in s t a l l ed  over t he  ex i s t ing  window areas of the 

penthouse, sampling gal lery,  and eas t  dock area  o f  the  building. The 

ex te r io r  surfaces of a l l  primary containment areas ( c e l l s  and basement) 

. -  

a 

and of a l l  secondary containment areas (operating gal lery,  a t t i c ,  pent- 

house, sampling gal lery,  and east dock area) are t o  be sealed t o  minimize 

a i r  leakage. Every e f f o r t  w i l l  be 1nad.e t o  provide a negative pressure 

i n  excess o f  1 i n .  water i n  a l l  c e l l s  during operation and t o  ensure the 

rapid attainment of a negative pressure i n  excess of 0.3 i n .  water i n  all 

secondar-y containment, areas  during an emergency. The pipe tunnel and 
eas t  clock area (plutonium handling) w i l l  be kept at 0.3 i n .  water negative 
pressure a t  a l l  times. Double-door a i r - lock systems w i l l  be ins-balled on 

a l l  entrances t o  primary and secondary containnent areas,  and the  c e l l  

doors w i l l  be designed t o  withstand an explosive shock pressure of  900 psf .  

A new secondary containment par t i - t ion  p a r a l l e l  t o  -the c e l l s  w i l l  be in-  

s ta l led through the  fill length of the  a t t i c  space above the  operating area.  

(.2 " 2  

Three major addibions have been proposed f o r  t he  B l d g .  3019 off-gas 

Proposed Off-gas and Vent i la t ion Modifications I_ 

I 

systems. 
ated fans and ducting fo r  f i l t e r i n g  the  hot ana ly t ica l  f a c i l i t y  c e l l  off-gas 

These include (1) i n s t a l l a t i o n  of a bank of f i l t e r s  and associ-  
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p r i o r  t o  discharge t o  the  3020 stack; ( 2 )  i n s t a l l a t i o n  of a caust ic  

scrubber and f i l t e rs  for  the  dissolver  and vessel  off-gas p r i o r  t o  i t s  

release t o  the  10-in. s t a in l e s s  s t e e l  l i n e  t o  the 3039 stack; and (3) in-  

s t a l l a t i o n  of a potassium hydroxide scrubber f o r  the  Vo la t i l i t y  P i lo t  

Plant off-gas from c e l l s  1 and 2.  

- 

Changes i n  the  ex i s t ing  primary containment c e l l  off-gas system a t  
Bldg.. 3019 include (1) revis ion o f  c e l l  a i r  intake systems, ( 2 )  a l t e r a t ion  

of c e l l  exhaust system t o  the  c e l l  off-gas header, and (3 )  upgrading of 

the i n s t m e a t a t  ion for the  c e l l  off-gas hand] ing equipment i n  the 3020 

stack area.  Similar air  control  systems f o r  the basement, pipe tunnel, 

and the eas t  dock plutonium-hcmdling area wi1. l  be provided. 
containment a i r  w i l l  be supplixd from the  Bldg. 3019 penthouse 

All pi-iraary 

Except during periods of groeess equipment maintenance o r  construc- 

t i on ,  when a i r  w i l l  en t e r  the cell. through the  9-by 9 - f t  roof plug openings, 
all c e l l  a i r  i n l e t s  w i l l  pass from the  penthouse t o  the  c e l l  through new 
ducts, each of which contains a I ’ i l t e r ,  a back-flow preventor, and a flow 

control valve. Each cell exhaust w i l l  be equipped with a closure device, 

a flow meter, perhaps a back-flow preventor, and a flame a r r e s to r .  

Revised in s tmien ta t ion  at the  3020 stack area w i l l  guarantee 

automatic switching of t he  c e l l  exhaust load from the  e l e c t r i c a l l y  driven 

fan t o  t he  steam-driven emergency un i t  i n  case of a power f a i lu re  or low 

vacuim i n  the  processing o r  hi&-level ana ly t ica l  c e l l s .  

ensure a constant vacuum i n  the  c e l l  off-gas header at  the  c e l l s  by provid- 

ing fan suction control  valves and associated i n s t m e n t a t i o n  and provide 

f o r  measurement of t he  t o t a l  a i r  flow and f i l t e r  pressure drop with 

appropriate reporting of these d a t a  within Rldg. 3019. 

It w i l l  also 

Ventilation changes fo r  the  -remainder of  B l d g .  3019 w i l l  be minor. 
The sampling ga l l e ry  w i l l  be vent i la ted  by air  recirculated from the 
penthouse. 

intakes i n  the secondary area. Xxhaust po r t s  f o r  t he  o f f i ces  and control  

rooms (which are outside the  secondary containment area) w i l l  be in s t a l l ed  
i n  the roof vents leaving the ce i l i ng  of t he  control  room area so that, 

Closure devices w i l l  be i n s t a l l e d  on a l l  normally open a i r  

normal. vent i la t ion  can be maintained within these areas during 8n emergency 

shut down 



64 

I n  a l l  secondary containment; a,reas air t r i l l  be evamated t o  a nega- - 
t i v e  pressure of 0.3  in .  water during an emergency by closing the  a i r  
intakes on the  secondary containment; area, thereby all.owing the  primary 

ventil-at ion system t o  evacuxte the secondary area.  When the  secondary 

contabrnent v-acuux reaches 0 e 3 i.n. water, pressure switches on the  a i r  

passages t h a t  connec.t; the penthouse and tile cel-ls wi.11 be cl-osed. and pre- 
vent excessive vacuum i n  .the penthouse. 'The vacumi established i n  the 
penthouse area w i l l  apply t o  a l l  other  secondary contaimnent areas,  

since aLl. will comnmicate with the penthouse v i a  open vent i la t ion  1-ouvers I 

7.2.3 Proposed Instrumentation Additions 

The proposed vent i la t ion  revisions described above w i l l  be control led 

from a new cent ra l  emergency control panelboard to be located i n  the B l d g .  

3019 control room area.  Pressures wit'nin a l l  primary contaimen-t areas, 

the  pipe Lunnel, m d  the penthouse w i l l  be recorded continuously on t h i s  
panelboard. The t o t a l  flow t o  the c e l l  exhaust faas a n d  the pressure 
d i f f e r e n t i a l  across the f i l t e r s  w i l l  a l so  he record-ed. Indicating i n s t m -  

ments w i l l  be provided for the  a i r  exhaust flow from each primary con.. 

tai-nmcent area and for the  p-ressu.re within all other sec0nd.ai-y contai.nment 
areas. 

areas,  arid a l l  roof exhaust ports  from the control. room area w i l l .  be re- 

motely operated frotn t h i s  panelboard. 

cell .  off-gas, and vessel off-gas raonitors 
ment a rea  monitrons axnd constant a i r  monitors (CAM ' s )  will be recorded. 
A l l  such recording and indic&D.i.ng i n s t m m n t s  wil.1- be eqnipped with 

appropriate alarms. 

A l l  closure devices on air lntake s y s t t m s  t~ seconda~y containment 

The output of  a l l  pimcess waste, 
and. of a - l l  secondary cont.a.l:a- 

An important feature  of  the proposed emergency control  panel i s  the 

emergency "scram" system which wil.1- a~to ina . t ; i ca~ly  actuate -tilie appropriate 

closures required t o  effect  emergency venti1.atjm-i conditions. Automatic 
change-over i s  pl.amed i n  tile event o f  an explosion in a c e l l  and manual 

operation w i l l  be possible.  

7.2.4 Fire  and Explosion Pi-otection 

A l l  primary containment areas  which ha1idl.e sobvents o r  other  in-  
flcmabl-es ( c e l l s  3r 5, 6 ,  and '7 arid the basement-pipe tunnel a.rea) w i l l  

be equipped with a manually operated f i r e  protect ion water spray system, 

"rate-of- temEera~i~:re-~~s~ " f i re  detect  ion ins-t rwitentation, and infrared 



0rgani.c vapor detect  ion instmZnt8; t ioa.  T'he spraydowii system f o r  each 

. 19 by 20 by 2'7 ft cell. w i l l  consis t  of  16 nozzles, each with a capacity 

of 10-12 a m .  The f i r e  detection ins tmnenta t ion  would soiind an al-am on 

the  emergency control panel and will automatically shut down t he  ai.r in-  

take 'io the  affected cell.. The output from -the arganic va:por detection 

ins tmen-Lat ion  w i l l .  be recorded a t  t he  emergency panel and - w i l l .  be 

instrumented t o  sound an alarm. 

8.0 C ONC LUS IONS 

The release of  pl-utoniurfl from B l d g  . 3019 a.nd r e s u l t h g  coiltamination 

of the c e l l  6, Bldg. 301-9, and adjacent f a c i l i t i e s  vas the  only s igni f icant  
r e su l t  of an explosion o f  chemical or ig in  which occurred i n  the  Radiochemical 

Processing P i l o t  Plant on Nov. 20, 1-959. Nitrated organic con~ounds, spec i f i -  

c a l l y  p i c r i c  acid,  were formed while decontamination operations were i n  prog- 

ress  using a proprietary decontaminating agent containing phenol, organic 

acids,  and amines. The imflediate s teps  which l e d  t o  the  explosion involved 

an operational e r r o r  which resul ted i n  the  organics being boiled wit,h con- 
centrated n i t r i c  acid.  No s igni f icant  rad ia t ion  exposure of  personnel a,nd 

l imited contamtnaliOn of prapei-by occurred because o:C the  effectiveness of 
b u i l t - i n  protect ive systems, espec ia l ly  exh:m..st v e n t i h t i o n  f i l t e rs ;  prompt 

act ion on the  par t  of  operating s-taff and Heal-th Physics personnel; and the  

for-Lunate circiunstance -that t h e  incident occurred during a period of low- 

veloci ty  wind on Friday evening, before a week end-. 

8 .  L Plutonium Release 

The plutonium a a c t i v i t y  t h a t  con-tm-inated s t r e e t s  and buildings i n  the 

v i c i n i t y  of  the Radiochemical Processing P i l o t  Plant  was released from tha t  

building through the  c e l l  6 door. 'The area o r ig ina l ly  contaminated was l imited be- 

cause o f  a l i g h t  wind and beemse the  fallout r a t e  was rapid.  T'he number of people 

involved was s m a l l  because the  explosion occurred l a t e  at night when the OXNL 

population was at a minimum. The contamindtion w a s  confined t o  a small.. area  

because of  t he  prompt and correct  act ions of plant  operators,  s h i f t  SupervisoTS, 
and heal th  phys ic i s t s .  The intercycle  evaporator had been t reated and flushed 
but s t i l l  contsincd plutonium 3s  a n i t r i c  acid insoluble compound, probably 

oxide--about (00 g has iseen flushed from it since the explosion. 
which was about 20 ft from the  evaporator, 'GTZS blown open as 8 r e su l t  of the ex- 
plosion and provided a d i r ec t  patb for the  contmiination to escape f r o m  the c e l l .  

Ce l l  6 door, 
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I f  c e l l  6 door had not opened, it i s  proba.ble tha t  the con'c\mlnation would 

have been confined t o  Bldg. 301.9. 
Open access holes from processing c e l l s  6 a,nd '7 t o  t he  makeup area, 

pipe tunnel, sanp1in.g ga1.l.e-0, and. penthouse were the  paths by which the  
plutonium escaped from the c e l l s  t o  contaminate the izker ior  of Bldg. 3019. 
The pressure r i s e  i n  the  c e l l  af'ter the explosion t m s  probably not severe 

and. pi-obably was of short  duration. Simple provisi-ons fo r  plugging the  

zccess holes and t h e  seal ing of the ce1.1 6 access door ( i n s t a l l e d  i n  1946) 
might hove prevented escape of  the  rad ioac t iv i ty  from the  c e l l s .  

8 .2  Steps Leading ___ t o  __.-._- t he  ~xpl .os io i~ .  

The Thorex dissolver  was decontaminated i n  l a t e  1.958 by the  Turco 4501 
process which proved superior t o  previously used treatments. Tile Turco 
process required )+ man-days of  e f f o r t  m d  $872 f o r  chemicals, produced 700 

gal of w a s t e ,  and decreased the rad ia t ion  l eve l  t o  '70 m / h r  at contact 

with the d.rissolver. The  process used f o r  a previous dissolver  decontamina- 

t ion  required about 100 man-d.ays of effort and $675 for chemicals, produced 

3000 gal of  waste,  and decreased the ra,d.iation l eve l  t o  only 2000 mr/hr. On 

the  bas i s  o f  t h i s  t e s t  and because of the continued success of the metlaad., " . 

the  Turco 4501 process o r  a rnod.ificatlon had been used f o r  nearly a l l  major 
decontamination programs since Jatmury, 1959. 

Ins t ruc t  ions issued by the  manufacturer call-ect f o r  treatment at 270'F 

by Turco Decon 4501 ( t h e  boi l ing  p i n t ) ,  thorough water r inse,  treatment 

with Turco Lkcon 4502 at  220°F, thorough water rinse,  and passivation by 

3O$ n i t r i c  acid a t  room temperature. 

beneftcial  e f f ec t  on decontamination and, i n  f ac t ,  caused detrimental 

deposits of manganese dioxide I which sfere not e a s i l y  removed. from equip- 

ment. 

p i l o t  plant operat irig group. 

The  Turco Decon 4502 treatmen3 had. no 

The Turco Eecon 4502 treatment w a s  dropped. from the  process by the  

.The decontamination sequence as no:mally used i n  the  p i l o t  plant, 

beginning &out Mareh, 1959, consisted of a Turco Uecon 4501 treatment at 
8o-9oQc, a water r inse,  a 30% n i t r i c  acid. %rea-trrtent a t  80-90°C, and a 

final.  water r inse .  The intercycle  evaporator was t r ea t ed  wi.t;h one complete, 

modified Turco sequence, with hot 25% sodium hydroxide f lush  and. with ex- 

tensive water r inses ,  but radia;t?.ota levels did not decrease. It w a s  decided 

t o  make another Tui-co 13econ 4501, water, and w i d  treatment. Inst-ructions 



mre wr i t ten  i n  the program instxmctioa log  book t o  add  Turco t o  the evapora- 

t o r ,  heat,  drain,  and "continuc with 11 , H 0, e t c . "  The s h i f t  foreman, f o l -  

lowing these ins t ruc t ions  in which the  proper oi-der of  'chc Turco-watev-acid 

-I 
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treatment was i.nadvertently rearranged, proceeded wi'ih a Turco Dzcon h.50l-acid- - 
water sequence. 

This procedure probab1.y would not have been hazardous had not; the evap- 

ora tor  retained a "heel" of  the Turco decontaminating agent. 

manually opera-Led evaporator bottom drain valve w a s  I.ocated i n  a high 

rad ia t ioa  f i e l d  ( it was opened normally only a f t e r  pa ik ia l  decontamination 

t o  flush the  evaporator e i rcu i - t )  , the  remotely operxLed, side-mounted product 

valve and l i n e  were used fo r  drainage. This valve was elevated suff i -c ient ly  

above the  lowest point i n  the  evaporator t o  allow the  ~ e t e n t i o n  of  16.5 l i t e r s  

of sol.ution, which i n  tu rn  contained about 1 4  l i t e r s  o f  "as received'' 'l'urco 

Decon 4501. 
ins t ruc t ion  log book, 30% n i t r i c  acid wa.s added. 

just t o  8o-go0c, hut t h i s  time it was boiled and the  n i t r i c  acid was conceii- 

t r a t e d .  by drawing of f  condensate. 

Bccairce t he  

To t h i s  heel,  I.n accordance w i L h  t he  ins t ruc t ions  i n  the progrm 
Normally t h i s  acid i .s heated 

The sequence of events which l e d  t o  the explosion and t he  re lease o f  

the  a c t i v i t y  w3.s: 

1. Inadvertent omission of water r inse because of an e r r o r  i n  wri t ing 

program ins t ruc t ions .  

Incomplete draining o f  t he  Turco Decon it501 from ihe evaporator. 2. 

3. Boiling and concentration of n i t r i c  x i d  which n i t r a t e d  organic 

coiiiponen-ts of  t he  Turco compound -to explosively unstable and 

heat sens i t ive  conqounds . 
Contact of  the  n i t r a t ed  organic, i n  all probabi l i ty  p i c r i c  acid, 
with the  hot wall of t he  evaporatoy heat exchanger. 

IC. 

5. Ex@-osion of n i t r a t ed  organic, which ruptured t h e  evaporator a t  

i t s  weakest point and dispersed plutoniwn and zirconium-niobium, 

probably as insoluble oxides, t o  t he  c e l l  i n t e r i o r .  

Opening of the  c e l l  6 cloor (a t  grade) by the  weak prer;sure wave 

developed by the  explosion allowed contminatcd c e l l  a i r  t o  escape. 

Openings i n  the  cell.. s t ruc ture  provided passageways for contaminated 
a i r  t o  reach othes- p a r t s  of  B l d g ,  3019 a n d  t o  a l imited cxtent, the  

Graphite Heactor Building. 

6 .  
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8.3  Off-gas F i l t e r s  - __- 
'The f i l t e r s  i n  the c e l l  off-gas system (Sec t .  3.5.4) retained very 

e f f i c i e n t l y  the radioact ivi ty  released t o  the cell. off-gas system. All ex- 

perimental. evidence indicates t h a t  no plutonium was released t o  the 

envi.ronmcni v i a  the c e l l  o r  vessel  off-gas systcms and 250 f t  stack. 

8.4 Area and Building Lkcontaminat ion 

The area of  0RNL contaminated with the plutonium dispersed by t h i s  
14111- I - - . - -____~  -_II__ 

accident w a s  small and confined t o  f a c i l i t i e s  immediately adjacent t o  

Bldg. 301.9, pa-rticularl-y t o  the soirti? and e a s t .  A1.1 f a c i l i t i e s  were usable 

on Mov. ?3, 1-959, two days a f t e r  the release except f o r  the p i l o t  plant  

portion of 131%. 3019 and the Graphite Reactor Building. Operations i n  

the Graphite Reactor Building were resumed on Dec. 22, 1.959, af ter  thorough 
decontamination. Building 3019 areas, except f o r  the ce l l s  i n  which the 

evaporator explosion occurred, arc i n  use o r  clean enough for  use. Opera- 
t i o n  without r e s t r i c t i o n s  due t o  contamination i n  the V o l a t i l i t y  Pilot; Plant 

( c e l l s  1 and 2) has been possib1.e since July,  1.960. 

Because of  t he  indicated presence of a reasonable quantity o f  plutonium 
(now known t o  be appi-oxianateky 1300 grams) i n  the equipment and- c e l l s  where 
the expl.osion occurred, decontamination of these areas was delayed imtj.1 

e f fec t ive  but interim secondary contairunent was in s t a l l ed ,  t h i s  t o  prcclude 

the p o s s i b i l i t y  of an0 the r plutoriiuni dispersing ace ident during decontamina- 

t i o n  i n  the seventeen year o l d  s t ructure .  This decontamination i s  now essen- 
t i a l l  y complete. 

8 . 5  Administrative Action as a Hesukt of the Explosion 

Tlne r e l a t i v e l y  mtnor explosion i n  Bldg. 3019, coupled wlth other inci-  

dents of a similar nature at ORNL and other si . tes,  s h a q l y  focused a t ten t ion  

on problems of protection against serious radioac-Live ma-terial release from 

accidents i n  radiochemical operations. It w a s  recognized tha t  many of the 
high l eve l  operations were carried out a t  ORNL i n  f a c i l i t i e s  designed and 

b u i l t  seventeen years ago. I n  t h e  years since the f a c i l i t i e s  were b u i l t ,  

process equipment and techniques were changed and specif ic  a c t i v i t y  l eve l s  
and.. to ta l  quant i t ies  of radioactive materials were increased by orders of 
magnitude, but s t ructures  and ventilati-on systems bas ica l ly  have been a l te red  

only sligiitl-y i n  order that  a great  varFety of im:pol-tant devel.opment programs 
might be expedited a-l; a minimwn overal l  cost .  

. >  



Iinmedia'Lely f s l lowing t'ne explosion, a l l  high l e v e l  radiochemical 

opemkions a t  ORNL were closed dovn, pending extensive s tudies  necessary t o  i 

define B simple system of secondnz-y containment, In  addition, f o w l  hazard 
reports were prepared f o r  e ight  o f  the radiochemical f a c i l i t i e s  a t  OXKC,. 

The a t t en t ion  of aI.1. pemoniiel t o  p~oklems of designing and minta in ing  safe  

f a c i l i t i e s  has been assured by the appointment; of w Director of Radiation 

Safety, divisional r a d i a t i o n  safe ty  officers and eq1er-b review committees 

f o r  a1.1. i n s t a l l a t ions  and opemtions; these functions supplement the: I.nr-43 
estabilshed 'neaslth physics, safety,  f i r e  protection, and medical semices  

of the hbora t s ry .  
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Appendix A. CHRON0LX)GY O F  EVENTS CONCERNING THE: I N C  iDl3NT 

(ALI. times a re  approximate) 

'November 18, 1959 and previous: 11171- PRFP equipment washed with water, acid,  ----. 

. and water t o  remove soluble plutonium, c t c .  

Hovember -- 18-43, 1959: 
s e r i e s  i n  evaporator. 

F i r s t  Turco Decon 4501-water-acid decontarnination 

Pfovember 20> 1.959, midnight t o  3:OO p. m.: Evaporator system flushed with 

hot 25$ NaOH, followed by 1200 l i t e r s  of water. 

3:30 p. m. t o  8:45 p. m.: Added 200 l i t e r s  of  Turco Decon h.501 d i lu ted  
-1__ 

wi.t'fi 62 l i t e r s  of water; heated 2 hr; drained (except fo r  16*5 1i. ters belov 

drain elevat ion);  225 l i t e r s  drained t o  P-15. 

8 :50  p. m. to  9 : 3 0 2  -- m.: 
9:30 p .  m. to 10:58 p. m.: Boiled evaporator contents, d i s t i l l i n g  of f  

Added 270 l i t e r s  of 30% nitric aeid.  -.- 

about 200 l i t e r ;  through condenser t o  catch tank. 

--I_ 10~58 D m - ' Explosion; 48 l i t e r s  l e f b  i n  evaporator PLUS scrubber a t  

t i m e  of explosion. 

10 : 58 p. m. - t o  11:OO p. m. : A l l .  three plant  operators plus foreman i n  

control  room at time of blest; a l l  four looked in to  makeup room, t o  see 

room f i l l i n g  vTth a fog. Foreman sent one operator f o r  gas masks; he asked 

other  t w o  operators t o  leave building and picked up cutie-pie;  no a c t i v i t y  

detected * 

TWO operators from Vola t i l i t y  Plant ( located irmetliately cas% of PRFP) 

and four  people f r o m  Hot Analytical T,ab came toward Control Room. Foreman 

sounded evacuation alarm and a l l  except one operatorP and foreman imaediately 
left. Someone dispatched t o  locate  j a n i t o r  seen e a r l i e r  i n  b u i l d F n g  

lunchroom but apparently he had already l e f t .  
Foreinan and operator donned gas masks; made quick check and l e f t .  

Health Physics su-meyor, walking from ORR t o  Graphite Reactor Building, 
- heard b l a s t  Wncountered Reactor Projects  Division employee walking on 

Bil&ide Aveiiue toward ORR. Returned t o  Health Physics t ruck parkcd at 

. ORE Building, turned on ins tnments ,  and headed fo r  Bldg. 3019 up Hi l l s ide  
Avenue i n  truck. When opposite c e l l  6 rioted c e l l  door open and limnortared 



block wall formerly on stx-eet, s ide OS tloor blown over. He surveyed s t r e e t  

with Geiger counter; f o u n d  1-5 inr/hr and took m e a m  of s t r e e t  .to he counted 

l a t e r .  Proceeded t o  west gate of B l d g .  3019 whem evacuees had congregated, 

A t  time of  b l a s t  Laboratory s h i f t  supervisor was t n  west end of pl.ant 

near Medical. Building; heard b l a s t  and entered car .  Proceeded immediately 

t o  Bldg. 3019. While on way, recei-ved radio ca1.1. f o r  h l m  t o  go t o  B l d g ,  

3019 

1 1 : O O  p .  m. t o  11:3O~. _.__a m.: Plant shift supel-visor arrived.. Found a l l  
_c_I_II__- 

personnel accounted fo r .  Issued. ca l l  f o r  guard and f i re  czptains, all 

avai lable  heal th  physicis ts  (3) ,  and. s h i f t  e l ec t r i c i an .  

for 9 - y  a c t i v i t y  by su-meyor. L i t t l e  found. 
Evaci.iees checked 

Four building technical  supervisors no t i f ied  by phone. All reparted 

-20 min l a t e r .  
Foreman. and aperators re-entered building i n  masks to cut off s t e m  and 

water and othervise secure operations. Hcal th  Physics surveyor re-entered 

t o  make su-nrey and read a i r  moni'cors. F i l t e r  papers removed from air  
monitors. 

Health Physics su rueyo~s  d l  spatcbed t o  map extent of a c t i v i t y  spread 

t o  east. Health Physics sumeyors 
not i f ied  H::nl.th Physics Divii3.ion management. Sh i f t  supervisor notiFied 

Plant secur i ty  and safe ty  chiefs ,  who reported -20 win la ter .  

(V3r.y low velocity wind from west .) 

11 : 30 p.  ni. t o  12 :00 midnight : Buil.ding t@chni.r,al. supervisors amived _-__̂ .-.--_lm_o. _-_--.--__ 

on scene; guard posted at Third S t r ee t  and. Central A4venue t o  keey oUL 

unnecessary personnel; guard posted. at Hi l l s ide  Avenue t o  require shoe 

covers beyond t h i s  point;. 

a1.l.o~ midnight shift t o  en te r  or o-t'ners t o  leave pl-ant wit'nout being given 

Health Physics check. 

Order issued t o  guards at plant gates  .to not 

Phone c a l l  t o  member o f  FRFP data  gmup reconfirmed information known 
ear'l-iei- i n  day t h a t  book dtscrepancy of 1200 g o f  p1.utoniu.m exis ted.  A i r  

sample f i l t e r s  sent t o  ana ly t ica l  la'a f o r  count 2nd ident i f ica t ion ;  P-y 

count made f i rs t  and pr inc ipa l  y a c t i v i t y  found as Zr-95, Nb-95; a count 
requested and analyst went; t o  d i f fe ren t  building t o  make it. Building 301-9 

personnel f i e l d  checked f o r  a, but l i t t l e  QI- none fo und... 

Building r e e n t e r e d  with masks t o  co l lec t  air sample filter from pent- 

lilouse. 
period. 

~ a x t p ~ . e  read 210 rnr/hr @-?. ~ m p ~ e  sent to axlz~eicai   ab duriw next 

" 
. .  

r 
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Foreman and a supervisor looked in to  open door t o  cell.. 6. Cutie-pie 

reading at doorday was 7 r/hr. 

block wa,l.l i n  f ront  of eV&por&Or blown over and Ffvapora'tor t ipped. 

Piping i n  evaporator sukbcell disarranged. Supervisor contaminated to 

20 rnr/hr (3-y. 

people leaving p lan t .  

Light poor but supervisor saw unmortared 

Health Physics surveyors dispatched t o  gate t o  check a3.1. 

A s  a precautionary measure, M e t a l  Necovery and Fission Prodixts P i l o t  

Plant shut down pri .ncipally t o  reduce .volume of process waste water. 

1.2 :OO midnight: Plant gate opened t o  a l l o v  shiifts t o  en te r  and depart I 
----------.------. 

November 21, 1959, X?: l5  a. m.: Two trucklo8,ds o f  departing 3000 Area 

workers cheeked f o r  a, 8, and y, but, none found. 

l 2 : l 5  a. n. t o  l2:3O a. m.: .4nalyt;ical lab reported 4000-1-3000 Q c/min 

on 3 / L i n .  square smples  of f i I . t c 2 . r  paper from air sample, ~ l p h e  pulse 

heighL analysis  requested. Analyst, s a i d  he had no recent experience i n  
this anal-ysis but would t r y  anyhow. Ooe centimeter square of penthouse 

filte? almos% blocked counter i n  anal-ytical l ab .  A Health Physics 

surveyor independently Pc)und Q: on shoes. 
supervisor ivrho h a d  looked in to  c e l l  6 and i n  s t r e e t .  

c 
Alpha contamination found on 

Star-tcd checking on l i q u i d  waste streams from plant .  

l2:38 a. m. to l:3O .---- a. m.: Anal-yst repoded. cx a c t i v i t y  spectrum looked 
l i k e  U-233. Asked t o  recheck r e su l t s .  Analyst ca l led  i n  man f a i n i l i a r  

with apparatus. 

located i n  ''ever safe" storage Pack j:i pipe tunnel of  Bldg.  3019. 
tunnel i s  a room. jus t  below W e u p  room and just, outside c e l l s .  

of crTtj.cal.ity eonsidered. 

Only Teasonable source o f  U-233 would be -36 kg of  U-233 

Pipe 

P o s s i b i l i t y  

Personnel re-entered building to  co l lec t  threshold detectors .  Detectors 

sent fo r  eow-ting; no evidence of neutron burst. By 2:OO a. 111. c r i t i c a l i t y  

incident r u l e d  out as l i k e l y  event. 

About l2:3O-l:OO a. in. a i r  monitor gave alarm t o  LITTI. Heal.th Physics 
surveyor sent t o  check; Toimd instrument returned to n e w  normal. Act ivi ty  

probably originated f r o m  experiment at LITR . 
1:3Q a. rn. to 2: 30 a. m. : Hil l s ide  Avenue barricaded at, T h t r i l  and F i f th  

S t r e e t s  and Fourth S t r e e t  a t  Central  Avenue. 



12:30 a .  in. : Sample of  process waste stream showed 25 c/rriin/ml Q at 

Sample Prom manhole 21; at  Metal Recovery Building showed diversion 'uox. 
I...~o c/min/ml. a.  

I_ 2 : O O  a .  m.: Sample at, waste trea-tmeiit plant showed 25 c/rnj.-n/nl a t  

Water treatment plant shut down and i n l e t  and 1.5 c/min/ml. at o u t l e t .  

process water divei-ted t o  equalization basins .  

To minimize storage problems, i'urthzr process-wa,ter-saving measures 

s t a r t ed .  

Completed by 2:4j EL* m. 

2:3O a. m. t o  4:OO a. m.:  .-- iinalyti.cal. lab concluded activi-ty was 

l'u-23g. Alpha a c t i v i t y  found i n  Graphitc lieactor B u i l d i n g .  

4:OO a. m. t o  6:OO a. m. :  Graphlte Reac-tor. shutdown completed arid p__-.l_-....l._...~.^II^ _.- 
personnel evacuated a t  4:35 a. m.  
( l a t e r  some tracking occurred t o  083, whl.ch was c3.eaned up) . 
shoes on eight occupants of  Graphite Rsactor Building replaced. Over-al l  

LI'l'H and ORR found lltncontaminj.I;ed 
Fersonal  

mapping of spread of a c t i v i t y  completed. 

6:oo a. m. November 21. t o  8:oo a .  m. November ~ _ - "  2 3 :  Cecided t o  f i x  Q .- -._I-.__ 

a c t i v i t y  spread with paint  aad t a r .  Painted south side of  Bldg. 3019 and 

north side of l3l.Q. 3022 Painted a l l  objects  and pieces of equipment on 

south s i d e  o f  Bldg. 3019. Painted grass on nor th  side of Hi3-hide Avenue. 

Purchased 5000 gal  of asphalt  and 17 truckloads of  gravel. Applied 
itbout 6000 gal of asphalt  ; A n d  gravel t o  roads and roofs of three buildings 

(3019, 3022, 3025). Changed a i r  conditioning f i l - t e r s  for  Bldg. 3025. 
Greatly decreased process water flow throughou-t La_'ooratory area t o  t r i t h in  

wasl;e disposal capacity. 

Cleaned R.l.dgs. 3022, 3025, 3042, 301-0, 3012, 3041-1 f o r  occupancy Monday 

morning, November 23. Buj-ld-ing 3005 still reqirired shoe covers 

Prepared and pr inted 3000 copies of  handout fclr all employees ar r iv ing  

Monday morning id.entifying areas affected and. giving occupancy rules 
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Appendix B.  HIS'I'ORY OF PROCESSING I N  BUILDING 3019 

The processing c e l l s  were constructed i n  1943 f ' o ~  the  p i l o t  plant 
. .  ,demonstration of t he  Bismuth Phosphate process fo r  separating plutonium 

- from na tura l  urmium f i e l .  Since then, 63 kg o f  plutoniim, 3 kg o f  lJ-235, 

and 170 kg of U-233 (including reprocessing) 'nave been proces:;ed i n  these 
c e l l s  (Ta'u1.e A.l) . 

Table A. 1. - Surnma-xy o f  Building 301.9 Operations 

. 1- -- 
Year Process Amount Processed 

Bismuth Phosphate 

Bismuth Pho sphat,e 
- 
- 
R e d o x  

Redox and Hexone "25" 

P % R X  

Furex 

Thorex 

Thorex 

Thorex 

Tho rex 

Tho rex 
PRFP 

250 g of Pu 

$0 g o f  m 
- 
- 
45 g of RL 

1,031 g o f  PU 

390 g of  Pu 

2,930 g of PU 

588 g of Pu plus 2460 g of U-235 

2,300 g of IJ-233 

5,100 g of u-233 
20,500 g of u-233 

30,000 g of v-233 
24,100 g o f  U-233 

51,600 g o f  Rr 



Appendix C .  POTrlER REACTOR F'UEL PHOCESSING 

During the  f a l l  of 1958 revisions and additions were made t o  -the 

Thorex P i l o t  Plant (Bldg. 3019) and t o  the Me-La1 Recovery P lan t  ( B l d g .  

35051, and the f a c i l i t i e s  were connected by t r ans fe r  l i n e s  to obtain the  
.Priwer Reactor Fuel Processing (PRFP) complex. 

a fuel. element dissolver  and a solvent exkractioxa co-decontamination 
cycle, complete with solvent recovery cycle i n  Bl.dg. 301.9, and solvent 

ex t rac t ion  par t i t ion ing  and second uranium and plutonium cycles, COIII-  

p1.ete with plutonium ion exchange isol.a-t,Foti c o l m ~ s  and solven-t and. 

acid recovery f a c i l i t i e s  i n  Bldg. 3505. 
iAcl;ivity fuel elements i s  al-so provided i n  91dg. 3505. 

This complex consis ts  o f  

A dissolver  f o r  r e l a t ive ly  low 

The flowsheet f o r  t he  U l d g  (. 3019 sol.vent extra..ction co-decontamination 

cycle i s  presented i n  Fig A .l. Aqueous feed coutaininy plutonium, uranium, 

and f i s s ion  products i s  pumped t o  the  HA extraction column where the u-Panium 
and plutonium are  extracted from the aqueous in to  thz orga,riic phase. The 

uranium-plutonium-bearing organic stream then passes through the IIS 

scrubbing column, where it i h fir-i-ther decontaminated from f i ss ion  prodircts, 

and i s  f e d  t o  t w o  p a r a l l e l  s t r i p  columu--evaporator circi.iits. In the ~- 
columns (HC-1 and HC-2) the  uranium and plutonium are  s1,ripped from tho 

organic in to  the  acpeous phase, which i s  i n  turn concentrated i n  the 
evaporators (P-15 and 15-62) and col lected i n  catch tanks (P-3 and P-4) 
f o r  sampling and t r ans fe r  t o  Uldg. 3505 where the uraniilrn a.nd plutonium 

are separated and processed h r t h e r .  
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